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November 24, 1874. 

TH08. E. HAKEISON, President, 
in the Chair. 

No. 1,332. — " The Pennsylvania Eailroad; with remarks on Ame- 
rican Kailway Construction and Management."^ By Charles 
Douglas Fox and Francis Fox, MM. Inst. C.E. 

The main line of the Pennsylvania railroad, of- whidi alone a 
detailed- description is given in this communication,^ extends from 
Philadelphia to Pittsburgh, a distance of 355 miles ; of this distance 
a length of nearly 354 miles is double line. In direct connection 
with the main line, and worked with it, are 82 miles of single 
branch lines and 230 miles of sidings. The trunk line traverses 
a densely populated country, and brings Philadelphia (and through 
its connections also the city of New York) and the eastern sea- 
board into direct communication with the richest parts of the 
state of Pennsylvania, the immense coalfields of Pittsburgh and 
the vicinity, and the Western system of railroads. The Penn- 
sylvania Kailroad Company has, however, extended the boundaries 
of its system, until it pow controls, either by leases, working 
agreements, or otherwise, an additional length of 5,088 miles of 
railroad (chiefly single lines), and 408 miles of canal, giving two 
independent through routes to each of the cities of Cincinnati, 
Chicago, and St. Louis, and placing the company in a very 
advantageous position in most parts of the West. 

The following statistics are taken, partly from a most exhaustive 
report,^ issued in the present year by an "Investigating Com- 
mittee" of the shareholders, acting in concurrence with the 
directors, and partly from special reports kindly prepared for the 
Authors by the officers of the company. 

The capital account of this great system^ of 5*,933 miles of rail- 
road and canal, up to the end of 1873, shows an expenditure of 



* The discussion upon this Paper extended over portions of three eyenings, 
but an abstract of the whole is given consecutively. 

^ Vide " Beport of the Investigating Committee of the Pennsylvania Bailroad J 
Comply." 8vo. Philadelphia, 1874. "5t^ 

B 2 
Transportation 

Library 



4 THE PENNSYLVANIA BAILROAD. 

£78,015,740, or £12,300 per mile, and the results of the working 
for that year, were as follows : — 

Per mile 
per veek. 

£. £. t. d. 

Beceipts. . ^ . . 15,223,067 = 49 7 

Expenses . . . 10,662,412 = 34 4 = 69J per cent, of the receipts. 

Net earnings » . 4,669,004 = 15 2 8 = 6*4 per cent, per annum 

on the whole capital, including bonded debt. 

The capital account of the main line, with its branches, repre- 
senting a total length of 791 miles of single line, exclusive of 
sidings, shows a total expenditure of £8,904,830, or £11,250 per 
mile of single line, thus approximately divided, viz. : — 

£. 

Land for railroad and stations, per mile 2,600 

General works, permanent way, and stations, per mile . . . 6,250 
Locomotives and rolling stock, per mile ,. 3,500 

In order, however, to arrive at a fair estimate of the total cost, 
it is necessary to take into account the fact that the company, 
pursuing in this respect an unusual, but, as the Authors submit, 
a very wise course, long since closed the capital account for the 
main line, and that, exclusive of ordinary maintenance and repairs, 
there has been expended, out of revenue, during the years 1855 to 
1873 inclusive, upon permanent improvements and works of con- 
struction, including the substitution of iron for wood iii bridges, 
and of steel for iron rails, no less a sum than £5,310,227, or 
£6,713 per mile, bringing the cost up to £17,963 per mile of single 
line. If, in the absence of separate accotmts, there be deducted 
for the branches, 82 miles at the average cost of American rail- 
roads, viz., £9,820 per mile, the cost of the main line will be found 
to be about £37,827 per mile of double line. 

The company originally purchased land at each of the chief centres, 
much in excess of the then immediate requirements of the line, 
and the wisdom of this course is manifest, not only from the great 
facilities thus afforded for the vast traffic which has grown up, 
but from the fact that this land, which originally cost £1,184,169, 
is now worth, at a low valuation, and after excluding that occu- 
pied by the railroad itself, the sum of £3,401,937, or very nearly 
three times its cost. 

Table I. in the Appendix gives the results of the working of the 
main line and branches for a period of thirteen years. The net 
earnings have been, on the average, a little over 12 per cent, on 
the capital. From 1863 to 1873 the oompany have paid an 
average dividend of 9 • 9 per cent., and a total amount in dividends 
equal to 234 per cent, upon the entire capital cost. 
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The following are the receipts and expenses for the year 1873, 
compared with those for the same year on the railways of the 
United Kingdom : — 

Pennqrlvania United 
railroad. Kingdom. 
g. d. ». d. 

Gross receipts per train mile 5 6} 5 10 

Expenditure per train mile thus divided," viz. : 

Maintenance of works and permanent way , . . 8f 7J 

Locomotive power llj 11 . 

Carriages and wagons 05| 03 

Traffic charges 15i lOi 

Miscellaneous IJ 6 

= 62 per cent, of gross receipts 3 6J 

= 53 per cent, of gross receipts 3 1 J 



-I 



A comparison of the results in 1872 would be more favourable 
to English railways, the proportions of expenses and gross receipts 
in that year having been— 

Per cent. 
On the Pennsylvania railroad 63 

On the railways of the United Kingdom 49 

An analysis of the traffic on the main line in 1873 gives the 
following results : — 

d. 
Receipts per passenger per mile . . ' 1*1 

Expenses „ „ '9 

Net earnings „ „ *2 

Receipts for goods per ton per mile '6 

Expenses „ „ *33 

Net earnings „ „ '25 

Table II. in the Appendix gives particulars of the work done by 
the locomotives on this line over a series of years. 

Table III. is a statement of the locomotives and rolling stock 
belonging to the company over a series of years. 

Table IV. in the Appendix gives a comparative statement of 
the locomotives and rolling stock of the United States, the United 
Kingdom, and India in 1873. 

The earthworks of the main line are heavy in many parts ; and 
the inclines carrying the railroad over the Allegheny Mountains, 
although the gradients are moderate in comparison with those on 
other passes,^ are amongst the most important in America. Starting 
in Philadelphia from almost the sea level, the line rapidly rises, 
in the first 8 miles, to a height of 350 feet. This elevation is 
gradually increased to 1,170 feet at Altoona, 237 miles from 
Philadelphia, when the mountain incline commences ; and between 
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Altoona and the summit at Gallitzin, 249 miles from Phila- 
delphia, which is 2,154 feet above the sea, there is a total rise of 
984 feet in 12 miles, the average gradient being 1 in 82, the 
maximum 1 in 55. From the summit the line rapidly falls to 
1,170 feet above the sea in 25 miles, and thence descends to 
Pittsburgh, 720 feet above the sea, at 355 miles from Philadelphia. 

The sharpest curve (except on the Philadelphia division) has 
a radius of 716 feet, and out of 250 miles of line 10 miles are 
on curves of a less radius than 1,000 feet. Between Philadelphia 
and Harrisburgh the line was laid out originally with sharper 
curves ; but extensive deviation works have now been completed 
throughout this section, involving almost an entirely new railroad. 

In the Appendix (Tables V. and YI.) details are given of the 
curves and gradients. 

The gauge of the line is 4 feet 9 inches, and the width at 
formation level, on embankment, is 24 feet 3 inches, made up as 
follows : — 

ft. ins. 

Between rails 7 

Two lines of rails, 4 feet 9 inches each . . ' . . 9 6 

Sleepers, 1 foot 10^ inches outside rail .... 3 9 

Ballast, 1 foot outside sleeper 2 

Formation outside ballast 2 

24 3 



In cuttings in ordinary soil the width is 32 feet, and in rock 
28 feet, thus giving ample width for drainage. The usual slopes 
in cuttings are, J to 1 in rock, 1 to 1 in ordinary soil, and in 
embankments 1^ to 1. 

As is general in America, there are few over-bridges, almost 
all the public roads being carried across the line on the level. 
Gates are seldom erected, the line being protected by a simple 
guard, and by notice boards in conspicuous positions across the 
carriage road. This plan, combined with a large bell on the 
locomotive, which warns the public, but does not frighten horses, 
answers well, even where there is considerable traffic on both 
road and railroad. It is economical in first cost, and also saves 
the salary of a gSiteman at each crossing in perpetuity. In 
some of the latest locomotives, the bell is moved by a rod from the 
eccentric strap, and is kept continually ringing. There are, how- 
ever, numerous bridges for carrying the railroad oVer streams. 
In the Appendix (Table VII.) a statement is given of the principal 
bridges on the main line, of an aggregate length of about 3 miles. 
The abutments and piers are generally of substantial masonry, 
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either rough-dressed ashlar, or coursed rubble. The timber struc- 
tures, erected in the first instance, are being replaced by stone 
and iron. As a rule, the bridges have the railroad on the top, and 
are composed of three main trusses of the lattice form of con- 
struction. The Coatesville bridge, of six spans of 125 feet each, 
has lattice girders with vertical struts of cast iron, diagonal braces 
of bars, and a lower chord of rolled links connected with the struts 
and ties by bolts, which extend the whole width of the bridge. 
These, with an elaborate system of longitudinal, vertical, and 
diagonal cross bracing, stiffen the structure in every direction. 
The cross girders, which are of timber, rest upon the upper 
members of the girders, there being one over each strut, and two 
intermediates to each bay, thujs bringing cross strains upon the 
upper members between the verticals. In the Mount Union 
bridge, of five spans of 121 feet 6 inches each, the trusses are con- 
structed upon the stiffened triangular system (Plate 4). The truss 
is divided into bays of equal length and depth, viz., about 15 feet, 
with vertical struts of wrought iron, stiffened with distance pieces 
and cross bracing. The top member is composed of two, external 
channel irons and two bulb irons inside, connected at the top by 
plates. The bottom chord consists of rolled links, and the chief 
connections are effected by pins. The diagonals are each formed 
of two wrought-iron bars, stiffened by distance pieces and bracing. 
To support the upper member and convey the strains more directly 
to the abutment, a short strut, composed of two channel irons, 
with distance pieces, is inserted in the middle of each bay. This 
strut connects the diagonal with the top flange, the point of junc- 
tion of the strut with the diagonal being again tied to the adjoin- 
ing vertical in the direction of the middle of the bridge. This 
plan appears advantageous, when, as in this case, the cross girders 
are intermediate between the main points of support, the wooden 
beams forming the cross girders having their centres only about 
2 feet apart, and seven of them thus being intermediate in each 
bay. The bridge over the Susquehanna river, of twenty-three 
spans of 154 feet, and a total length of 3,680 feet, is for a single 
line, and is the only bridge on the main line with a wooden 
superstructure, the trusses being on the "Howe" system with 
arches, but not calling for special remark.^ 

There are eight tunnels of the aggregate length of 2,646 yards, 
the longest being 1,204 yards. 



* Vide "American Timber Bridges,*' by J. R. Mosse, M. Inst. C.E., and 
"American Iron Bridges," by Zerah Colbum. Minutes of Proceedings Inst- 
C.E., vol. xxii., pp. 305 and 540. 
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The permanent way or track on the main line is of unusual 
strength for an American railroad. The standard section of rail 
(Plate 4) now used weighs 67 lbs. per yard, and is of steel, 
4^ inches high with a base only 4 inches wide, which appears very 
narrow for a rail of this weight. The fishplates or splices are 
24 inches long, 2|f inches deep, and ^ inch thick, fastened with 
four bolts f inch diameter. The sleepers or cross-ties are of white ^ 
oak 8 J feet long, and 8 inches by 8 inches in section, and are 
spaced 48 to every 100 feet, or 2,534 to the mile. There is no 
joint sleeper, the rails being laid to break joint, and the joints 
suspended. The rails are secured to the sleepers by dog spikes, but 
these do not draw easily from the hard wood sleepers. Fang 
bolts are not used, being exceedingly inconvenient, for when the 
road bed is frozen no ordinary packing can be done, and the 
rails have to be kept in line and level by ' shimming,' or packing 
with pieces of hard wood between the rail and the sleeper. 

Upon the branch lines the rails vary in weight, according to 
traffic, from 64 lbs. and 67 lbs. for iron, to 56 lbs. and 65 lbs. for 
steel. Here also a wooden block is often substituted for the fish- 
plate on the outside. 

The line, contrary to general American usage, is well ballasted, 
in a great measure with rock. The quantity of ballast per mile 
of double line averages 5,200 cubic yards. The number of men 
employed in keeping the permanent way in repair averages two 
per mile of double track. 

No general system of signals is used, and even indicator signals 
are uncommon. The old form of sliding rail is almost universally 
adopted in lieu of the switch, being less liable to be blocked by 
snow or ice. The traffic is regulated by telegraph, extensive 
sidings being provided for shunting purposes. 

The stations are chiefly of timber, of simple and economical con- 
struction. The platforms are rarely raised, the surface of the 
ground being planked in the better class of stations. At Altoona 
and Philadelphia there are extensive shops for locomotive and 
carriage repairs, the carriage shops being very complete. 

The different classes of locomotives are designated by the first 
seven letters of the alphabet (Appendix, Table VIII.) ; but there 
are in reality only three well-marked types, viz. : The eight 
wheel, the ten wheel, and the ' shifter ' or shunting engine. The 
leading dimensions of the several types are given in the Appendix, 
and are shown in Plates 5 and 6. Only a short description of 
their special uses and some details will therefore be necessary. 
The "A" engine is the leading passenger locomotive over the 
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middle and Philadelpliia sections of the line, and exists in three 
varieties, only slightly differing.^ The "B" engine, a small class, 
is nsed as a * pilot ' on the mountain incline: The " C " engine 
is almost identical with the " B," and is the most efficient passenger 
locomotive. One of these engines, assisted by a " B " engine, has 
regularly taken a train of seven passenger cars, of a total weight 
of 165 tons, in twenty-four minutes from Altoona to the top of the 
mountain. Whilst ascending the mountain with a train of nine 
cars, weighing 215 tons, one of these engines has evaporated 2,400 
gallons of water in less than an hour. One of the " E " engines, 
which are chiefly used on the mountain, has taken a gross load of 
223 tons (exclusive of engine and tender) up the mountain in 
thirty-five minutes. The " F " engine is for shunting purposes, 
and is called a * shifter.' The " G " engine is for ballasting and 
branch traffic. 

The greatest importance is attached to interchangeability of 
parts. An idea may be formed of the uniformity existing amongst 
the several types from the fact, that whilst 112 patterns are required 
for one engine, only 187 are required to include all the seven 
classes, exclusive of the tender, which is alike for all. 

The locomotives have leading trucks of the variety known as the 
* swing centre,' in which the socket for the centre pin or pivot of 
the engine, instead of being rigid, as in the old-fashioned American 
truck, is suspended on links, combined with a double system of 
springs, and is thus capable of lateral motion, allowing the centre 
line of the engine, when passing round a curve, to lie outside the 
centre of the truck. With the aid of this contrivance, the engines 
pass round a curve of 350-feet. radius without serious strain either 
to themselves or to the permanent way. The lateral motion also 
reduces the severity of the concussion between the leading flanges 
and the guard-rails and crossings. 

The trucks have chilled cast-iron wheels. Steel wheels have been 
tried, but it was found that they would not bear the severe work 
of guiding the locomotive over the sinuosities of the line. Solid 
cast wheels, with the running surface chilled, are the safest, 
especially in cold' weather, a truck wheel of this kind rarely break- 
ing, and one such wheel outliving at least three steel wheels. 
Again, the flanges of chilled wheels are soon made smooth and highly 
polished by wear ; whilst the flanges of steel wheels become rough 
and torn, and in a short time too thin and sharp for safety. Chilled 
cast-iron wheels are also almost exclusively used for the rolling 
stock, steel tires having been tried for the passenger cars, but 
having quickly become dangerous from rapid wear. The weight 
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of a cast-iron wheel for a passenger car is usually 625 lbs. ; it 
costs about £4 sterling, and has an average life of at least 100,000 
miles, except when reduced by the constant use of the breaks. The 
metal is charcoal iron, having a tensile strength sometimes reaching 
18 tons per square inch, and averaging nearly 14 tons. The 
driving wheels are of cast iron, with hollow spokes, usually coun- 
terbalanced wijih lead. They are fitted with steel tires, except for 
shunting engines, where chilled tires are more durable, having to 
perform the duty of guiding as well as driving. Steel tires are 
held in high estimation for driving wheels, and the desire to use 
them wherever possible has exercised a controlling influence over 
the designs of the engines. As an engine could not be guided, 
as before stated, by steel flanges, the driving wheels have been 
placed far enough back from the cylinders to allow the whole 
duty of leading to be performed by the truck. Efforts have 
been made to render the weight of the forward part of the engines 
available for tractive purposes, by throwing the driving wheels 
farther forward; but these failed, for the reasons already given, 
unless chilled tires were used, which are themselves a source of 
trouble, and are avoided except for shunting engines. Although 
they do not break, they become flat and loose. 

The boilers (Plate 6) are of soft crucible steel, the shell of the 
larger ones being f inch, and of the rest -^ inch thick. The fire-box 
is also generally of steel, ^ inch thick, with the exception of the tube- 
plate, which is -^ inch thick. Sometimes, however, the tube-plate is 
made of copper f inch thick. The tubes are invariably of iron. 
No. 11 gauge. A sample of every plate of steel used in the con- 
struction of a boiler is tested by being heated to redness, and then 
plunged into cold water ; after which the same piece, while cold, 
is bent double and hammered flat. The tensile strength of some 
of the steel, which is made at Pittsburgh, is 90,000 lbs. per square 
inch. The majority of the boilers have a combustion chamber from 
4 inches to 6 inches long, so as to avoid exposing the thick metal 
of the tube-sheet to the direct action of the fire. The whole strain 
on the top of the fire-box is borne by the crown bars, and is thence 
transmitted through the sides to the bottom ring. This practice, 
adopted several years ago, is considered safer for steel, but not for 
copper fire-boxes, than the old custom of connecting the crown of 
the fire-box by braces with the roof of the boiler. Many explosions 
are due to these braces, but their omission has not led to a single 
explosion. The furnaces are supplied with water grates, consist- 
ing of pipes 1|^ inch outside diameter, placed 3^\j^ inches apart from 
centre to centre. The grates have been in use for a long time, 
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and outlast the furnace, if kept free from mud. As they are very 
open, it is rarely necessary to stir the fire. The deflector is com- 
posed of large fire-bricks resting on the water-pipes and extending 
from the throat-sheet to the crown. The feedwater is supplied by 
one injector and one pump. In addition to the tires- and boilers, 
crucible steel is employed in the locomotives for such parts as 
guides, crank pins, connecting rods, and axles. 

As is usual throughout America, the locomotives are provided 
with massive cabs having double roofs and luxurious seats. The 
driver almost always sits to his work, and the regulator and 
reversing gear are arranged accordingly. To prevent unneces- 
sary exposure of the men to the weather, most of the lubrication 
is done from the foot-plate. Plain hose couplings between engine 
and tender are found less liable to get out of order in frosty 
weather than the ball-and-socket joint ; and where the water- 
pipes are exposed there is a contrivance for blowing a jet of steam 
into them. Communication is effected between the driver and the 
conductor and passengers by a cord running inside the cars along 
the roof within easy reach, and connected with a gong under the 
cab or with the whistle. The head lamps are of large size, with 
powerful reflectors, so as to illumine the track for a considerable 
distance in front of the train, and, in combination with the bell 
and whistle, to frighten straying cattle off the line. 

The passenger cars, including sleeping cars, compartment, vesti- 
bule, parlour, drawing-room, and " silver-palace " cars, " all of which 
are the result of a pressing necessity for the invention of new 
superlatives of excellence, many of the public being too nice to 
travel simply first class," resemble those on the best railroads of 
the States, of which descriptions have been already given to the 
Institution.^ The weight of an ordinary car is 17 tons, and, as 
it will accommodate fifty-two passengers, there is a dead weight 
of 6J cwt. to each passenger. The weight of an old-fashioned 
sleeping car is 20 tons, of a " Pullman palace car " 26 tons ; and, 
although each is provided with twenty-four double berths, and 
could therefore carry forty-eight persons, in practice it is of rare 
occurrence for a berth to be occupied by more than one person ; 
thus reducing the passengers to twenty-four, and giving a dead 
weight, in one case of 17 cwt., and in the other of 21 1 cwt. to each 
passenger. The mileage of these special cars is about 120,000 
each per annum. The Pullman Palace Car Company run on this 
railroad alone one hundred and seventy cars, costing on the 



* Vide Minutes of Proceedings Inst. C.E., vol. xxviii., p. 360. 
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average £3,000 each, or a total of £610,000, and upon their capital 
the Pullman Company'' earn about 12 per cent. It is much debated 
amongst practical men in the States whether the incidental gain to 
the companies from the nse of these unwieldy, though comfortable, 
vehicles compensates for the cost of haulage of such an excessive 
amount of dead weight, and for the increased cost of maintenance 
of the permanent way. The Investigating Committee, in their 
report, stated, on the one hand, that these cars were " most valu- 
able, and even indispensable in the present state of public feeling 
in America," but, on the other hand, that they were " very heavy 
and track-destroying ;" they also considered that the railroad com- 
pany did not receive enough for the running of the cars, getting 
as it did only the ordinary fares, and the Pullman Company 
receiving all the advantage of the additional suAis charged. Part 
of the stock accompanying passenger trains consists of cars for 
parcels and light freight run by the Express companies, who have 
the monopoly of such traffic on many of the lines, and of the com- 
bined mail and baggage wagons, which are about 30 feet long. 
The passenger stock is all fitted with bogie trucks admitting of 
lateral play. The ordinary passenger cars have two pairs of chilled 
wheels on each bogie, and the weight of the truck is 6,400 lbs. 
The " sleeping " and " palace " cars have six wheels to each bogie, 
and the weiecht of the truck is 9,600 lbs. 

The axles are of soft crucible steel, and are required to stand the 
following test, viz. : — Out of every lot of fifty axles one is taken at 
random, and placed on bearings 3 feet apart. It is then expojsed to 
blows in the centre from a weight of 1,640 lbs., falling 25 feet; 
and, to be accepted, the sample axle must bear five blows without 
breaking. To show their quality, on the 16th of November, 1867, 
an axle was only broken after fourteen blows, of which three were 
from a height of 35, feet, one from 36 feet, two from 38 feet, seven 
from 39 feet, and the last from 40 feet, the axle being turned over at 
each blow. The axles are of English make, rough-turned, of 4 inches 
diameter in the middle, increasing to 4| inches in the whe^. The 
journals are 3^ inches by 7 inches. In an ordinary passenger car 
each journal has to carry 4,000 lbs. of dead weight, and a maximum 
of 1,000 lbs. of live load, whilst the total load on each journal of 
a palace car is about 600 lbs. less. 

The cars are lighted by ordinary coal gas, compressed to about 
300 lbs. per square inch, in tanks under the body of the car. 
Enough gas is carried to supply one burner consuming 3 cubic feet, 
and four burners consuming 6 cubic feet per hour during twelve 
hours. Heat is supplied by a stove at each end, burning an- 
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thracite coal, and so arranged that a current of air is forced into 
the stove by the motion of the train. After being warnied, the air 
is distributed by passages under the seats. 

The Westinghouse pneumatic continuous break, now being intro- 
duced into English rolling stock, has been in general use on this 
railroad for several years. It gives the engine-driver unfailing 
control of the train, and enables him in an emergency, by turning 
a small handle, to put the breaks on every wheel, including in some 
cases those of the locomotive, commencing at the rear of the train. 
He is thus able to stop a passenger train when travelling at a 
speed of 30 miles an hour down an incline of 1 in 60, in a distance 
of less than 500 feet. The details of this break are now generally 
known, but the following description may be of interest: — A 
double-acting steam cylinder, with double-acting air pump attached, 
is placed in a vertical position between the driving wheels of the 
locomotive, and fastened to the frame with the cylinder and barrel 
in the same axial line. The action is direct, the steam and air 
pistons being fixed to the same rod. The air, when compressed, 
is stored in a reservoir constructed of boiler plate beneath the foot 
plate, a gauge being placed within view of the driver to indicate 
the pressure. To the underframe of each car an ordinary cylinder, 
fitted with a piston and a piston rod, is connected by an adjustable 
slotted head with the break lever in such a way that, when com- 
pressed air is admitted into the cylinder, the breaks are put on. 
From a point near the opposite end of the cylinder a pipe makes a 
T connection with an air pipe extending the whole length of the car. 
This has, at each end, a flexible coupling to connect the pipes from 
the cars with a similar pipe from the reservoir. By means of a 
three-way cock, the engineman can turn air into the cylinders and 
thus put on the break ; or he can open communication with the 
outer air, relieve the pressure, and thus take off the breaks, which 
are then kept clear of the wheels by springs. The flexible couplings 
can be rapidly connected or disconnected ; they are fitted with two 
valves, the spindles of which are long enough to unseat or open 
the opposite valve when the coupling is made. These valves are so 
arranged that the pressure of the air will at once close them should 
the coupling be broken. The break is therefore a safety one, to the 
extent that, if the pressure is once put on by the driver, the breaks 
will remain on should the train be entirely disconnected. It 
has lately been improved by the addition of a reservoir of pressure 
under each car, which is automatically brought into action in case 
the cars are accidentally detached. It also works well in all 
temperatures, and is not liable to get out of order. It is applied 
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almost instantaneously to all the vehicles, and, whilst the driver 
can, by a simple movement, apply its utmost power, he can never 
use such force as to injure anything, or even to skid the wheels. 
The goods wagons or freight cars are of five kinds (Plate 7). 

1. The * drop-bottom coal car' is used for coal, ore, and other 
kindred substances, and discharges its contents without shovelling. 
The cars are 22 feet long by 8 feet wide ; their weight, when 
empty, is 16,000 lbs., and each can carry from 20,000 to 24,000 lbs. 

2. The * drop-bottom gondola car ' conveys miscellaneous freight, 
chiefly coals and timber. It is 30 feet long, by 8 feet wide, 
weighs froiti 18,000 to 19,000 lbs., and is capable of cstrrying 8 
load of from 20,000 to 24,000 lbs. 

3. The •* gondola' is similar to the last-named car, with the 
exception of having no trap doors. Its weight is about 17,000 lbs., 
and its load from 20,000 to 24,000 lbs. 

4. The * stock' or 'cattle' car is 30 feet long, by 9 feet wide, 
weighs about 19,000 lbs., and can carry 16,000 lbs. loaded with 
horses ; 14,000 lbs. to 18,000 Ibfe. if with cattle ; 12,000 lbs. if with 
pigs ; and 9,000 lbs. if with sheep. When fitted with double decks 
these cars will carry 18,000 lbs. loaded with' pigs, and 14,000 lbs. 
with sheep. Such cars are also largely used fo;* rough freight of 
various kinds, as coal, oil, pig-iron, lumber, staves, bark, &c. 

6. The ' box ' car, 30 feet long and 8 feet wide inside, is used 
for general merchandize, grain (mostly in bulk), flour, &c. The 
weight of the empty car is 20,000 lbs., and it will carry, of general 
merchandize, about 16,000 lbs. ; of grain from 20,000 to 24,000 lbs. ; 
and of flour 100 barrels, weighing 21,600 lbs. 

The freight cars are strongly framed, and are carried on two 
trucks ; each truck has four chilled wheels, and weighs 4,625 lbs. 

A large portion of the goods traffic is carried on by the Empire 
Transportation Company, which owns four thousand five hundred 
cars, and altogether provides rolling stock and cars for 5,300 miles 
of railway. In the oil regions the Empire Company has also con- 
structed 400 miles of pipes to collect the oil in large tanks. This 
petroleum is largely carried in bulk, in cyKndrical wrought-iron 
tanks mounted on bogie trucks. Serious fires frequently occur 
from the transport of so inflammable a material. 

It is a curious fact that, whilst the drivers are so well cared 
for, the breaks of the goods trains are usually applied from the top 
of the wagons, and the breaksmen ride outside and run over the 
top of the train when at work. 

The whole of the rolling stock is provided with combined 
central buffers and drawbars, and the trains generally are loosely 
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coupled and without safety chains. On some passenger cars in the 
States, though not on this railroad, an improved platform and 
coupling, known as Miller's patent, has been introduced. The 
platforms are trussed to prevent vertical buckling in collisions, 
and the coupling, which is self-acting, holds the cars firmly to- 
gether at a uniform level ; thus in great measure doing away with 
the loose coupling, and lessening the tendency, often developed in 
American rolling stock, and usually caused by the breaking off of 
one of the platforms, to raise the end of one car and force it into 
the body of the next car. 

Water troughs, similar to those on the London and North- 
Western railway, are laid down on this railroad, to supply the 
locomotives when running at speed. By their use e3q)ress trains 
are enabled to run regularly, a distance of 132 miles, without 
stopping, in three hours and thirty-seven minutes, or at an average 
speed of over 36 miles an hour ; and the whole distance from Pitts- 
burgh to Philadelphia, 355 miles, in ten and a half hours, or at 
an average speed, including stoppages, of 33f miles per hour. 

The heavy passenger and goods traffic is worked with great 
regularity. System and discipline pervade every department, and 
no necessary expense is spared to maintain both works and rolling 
stock in thorough efficiency. ♦ 

Having thus described in some detail one of the best examples of 
railroad construction and of working in the United States, the 
Authors would desire to add a few facts as regards American 
railroads generally, to supplement the valuable information already 
laid before the Institution,^ and that contained in the report of 
Capt. Douglas Galton to the Board of Trade.^ 

Leaving out of consideration some unimportant tramways 
opened between 1826 and 1831, and worked by horse power, 
American railroad construction fairly commenced in 1831, when a 
section of the Baltimore and Ohio railroad, about 60 miles in 
length, was first worked by steam power, the engine being of 
American construction. The Mohawk and Hudson railroad was 
opened and worked in the same year by an engine of English make 
of 6 tons weight, which, being too heavy, was replaced by an 
American locomotive of 3 tons weight. 

The importance attached to railroads in the United States (a 

• Vide Minutes of Proceedings Inst. C.E., vol. xviii., p. 51 ; vol. xxii., pp. 305 
and 540 ; and vol. xxvlii., p. 360. 

2 Vide " Report on the Railways of the United States." By Captain Douglas 
Galton, R.E. Folio. London, 1857. 
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country in a great measure defvoid of good roads) is plainly shown 
from the marvellotis rapidity with which the i^atem has been 
extended. Thus — 
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representing a mile of railroad, chiefly single line» to every 583 of 
the population, and a total capital of £693,832,889, or £9,820 per 
mile ; whilst in the United Kingdom — 

In 1850 there were 6,890 miles oompleled and at work. 

„ 1860 „ 10,433 „ „ 

„ 1870 „ 15,537 miles constmcted, but not all open. 

„ 1871 „ 15,376 miles completed and at work. 

„ 1872 „ 15,814 „ „ ' „j 

„ 1873 „ 16,082 ^ „ 

representing a mile of railway to about every 2,000 of the popula- 
tion, and a total capital expenditure of £588,320,308, or £36,574 
per mile. 

The respective proportions of Share Capital (or Stock) and 
Debentures (or Bonds) are as follows : — 

UNITED STATES. 
Share capital, £357,067,074 = 51*5 per cent, of the whole capital. 
Debentures, £336,765,815 = 48-5 „ „ „ 

UNITED KINGDOM. 

Share capital, £449,087,573 = 73; per cent of the whole capital. 
Debentures, £160,180,080 = 26J „ „ „ 

Showing a remarkable difference in the margin of security for 
Debentures in the two countries. 

The effect of so vast a system of railroads upon the prospects of 
the Union has been remarkable. During 1873 the total earnings 
of the railroads were £96,510,327, equal to 13i per cent, upon 
their gross cost, and to £2 6«. 9c?. per head of population, the 
working expenses averaging 65*1 per cent, of the receipts, and the 
net receipts 4*96 per cent, upon the total capital, including bonded 
debt ; whilst the commerce fostered by them has reached a value 
estimated at least at £2,000,000,000 annually. In the early days 
of the railroad system the receipts from passengers were the larger 
item ; now the receipts from gpods traffic are fully 2f times as 
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great as those from passengers, the proportion being 30*8 per 
cent, from passengers and 69*2 per cent, from goods; a fact 
also observable, though in a much reduced ratio, on English 
railways, the proportion being 41 • 31 per cent, from passengers, 
to 55*11 per cent, from goods traflBc in 1873. Eailroads were 
indeed essential to the growth of all those portions of the Middle 
and Western States distant from water carriage, for without them 
wheat and the other farm produce forming their staples would 
have been excluded by the cost of transit from the Eastern and 
European markets. It is the opinion of practical men in the 
States that the limit of profitable extension westward has been 
reached, until the growth of population shall give rise to a larger 
local traffic. It is remarkable that the railroads, where parallel 
with the river Ohio and other navigable waters, are rapidly draw- 
ing away the traffic from them, even in heavy goods. 

In this unrivalled network, whilst some of the older trunk lines 
are now, like the Pennsylvania railroad, thoroughly substantial, 
and suitable for high speeds, every gradation may be found. As 
a rule, the railroads, especially in the West, are opened for the 
least possible cost, and when the traffic increases are practically 
re-constructed. Many of the lines in the far West are little better 
than temporary roads laid upon the formation, with scarcely an 
attempt at ballast ; and during heavy rains, or upon the melting 
of the snow, their condition is wretched. Yet, by the aid of the 
bogie truck, trains pass at feiir speeds over such roads, without 
frequent accident. The fencing is generally very inferior, and the 
locomotives are, therefore, armed with a " cowcatcher," to prevent 
their being thrown off by stray cattle. 

The gauge varies from 8 feet in the case of the " Erie," through 
the gradations of 5 feet 6 inches, 5 feet, 4 feet 10 inches, 4 feet 
9 inches, and 4 feet 8j inches, to 3 feet in the case of the 
" Denver and Eio Grande," a Kne of considerable length, which 
is only one of numerous narrow-gauge lines completed or in 
progress. Where the difference of gauge is small, "compromise" 
cars, having wheels with broad flanges, have been used with 
advantage; but the attempts to run the same stock from one 
gauge to another, where the difference is considerable, by means of 
adjustable wheels and other expedients, have not hitherto been suc- 
cessful. Such wheels work well at first, but rapidly deteriorate, 
and become the source of serious expense, and even danger. There 
has, therefore, been a desire to assimilate the gauges of lines 
forming through routes, and this has led to several interesting and 
extensive operations. Thus, the gauge of the main line of the 

[1^4-75. N.8.] c 
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Ohio and Mississippi railroad, from East St. Louis to Cincinnati, 
was reduced from 6 feet to 4 feet 9 inches, under the direction 
of Mr. Thomas D. Lovett, the Chief Engineer. Preparations were 
made for the change by laying about one-half of the sharp curves 
on the outside some months in advance. The sleepers were all 
adzed to a gauge on each side ; the inside spikes were then driven 
to a template. Proper sleepers were put in with new crossings, 
and the switch-rods were cut ready for the narrow gauge, and 
jointed temporarily for broad-gauge use; the tools employed 
were of the best pattern, and made expressly for the work. The 
road was then divided into sections of 6 miles each, and to each 
section fifty men were allotted. These were subdivided, twenty- 
five commencing at each end of the section, and working towards 
each other. The men were in gangs of ten ; three of them drew 
the spikes, three followed and threw in the rails, and the remaining 
four drove in the new spikes. Labourers were famished freely 
by other companies for this purpose ; and their distiibution and 
feeding demanded considerable care. At midnight on a Saturday 
the line was cleared of broad-gauge stock, and at 4 a.m. on Sunday 
morning the work of narrowing was commenced, both rails being 
moved in, each to the extent of 7^ inches, thus reducing the gauge 
to 4 feet 9 inches. By 1 1 a.m., or in seven hours, the narrowing 
was completed for the whole distance of 354 miles, and before 6 p.m. 
narrow-guage trains had run over the entire road. Similar opera- 
tions have since been carried out with great success on the Grand 
Trunk and Great Western railways of Canada and elsewhere. 

The mode of carrying on light earthworks, by means of large 
wooden scrapers, is worthy of notice. The ground is generally 
ploughed over first, and four scrapers, each with a pair of horses 
and a driver, work round and round in a circle, without stopping 
(one man to the gang being employed to guide the scrapers 
whilst filling, and to tip them when fall), the circumference of 
the circle on the one side reaching the centre of the excavation, 
and on the other the spoil bank. In soft soils this is very 
economical. Hand and steam excavating machines are also largely 
used. One form is that of a plough, for excavating ditches, the 
earth being thrown well clear of the ditch by an endless band. 
Willard's machine, which is used for * dumping ' or tipping from 
side cutting on to embankments in the soft soils of the West, con- 
sists of a scraper, combined with an endless band, by which the 
earth is carried into a hopper. This being full, the whole machine 
is moved on to the site of the embankment, and the earth tipped. 
Chapman's machine is a crane, running on a temporary railway, 
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and having attached to it a scoop or bucket with a toothed edge 
of steel. This bucket is attached to a beam which rotates on an 
adjustable axis fixed on the jib of the crane It can thus, by 
applying power to the crane, be forced into the ground and filled, 
then lifted to any required height, swung round, and tipped. 

An examination of the official returns from the different com- 
panies, so far as they extend, shows that, whilst the weight of rails, 
almost universally of the Vignoles section, varies from 67 lbs. to 
70 lbs. per yard on a few of the leading lines, to 30 lbs. on the 
narrow-guage lines, fully 60 per cent, of the length is laid with 
rails 56 lbs. to the yard, the weights having the next preference 
being 60 lbs. on the one hand, and 50 lbs. on the other. 

On some lines, newly laid with steel rails with suspended joints, ' 
supports of hard wood, 9 inches wide by 2 inches thick, are inserted 
as longitudinal bearers under the joint, resting on the transverse 
sleepers on each side. Since dog-spikes only are used as fastenings, 
and the joints are not fished on many of the lines, there is a 
tendency on gradients for the rails to creep downwards, closing 
the joints tightly at the bottom, and leaving at the summit an open 
space of several inches. This space is sometimes filled with a hard 
wood block, driven in tightly, but in other cases with a ' plug- 
chair,' which is an ordinary cast-iron chair, with a tongue or 
dummy rail cast on the rail-seat. Plug-chairs are of various 
lengths to suit different-sized intervals. 

The almost universal practice is to lay the permanent way on 
the formation. The materials, and, in the case of the Pacific and 
other Western lines, cars to form dwellings and canteens, are 
moved forward over it in a construction train. The greatest length 
oi way thus laid in any one day on the Central Pacific railroad 
exceeded 10 miles ; the average for a considerable period being 
S^ miles per day. Ballast is then brought over the line, and the 
permanent way lifted and packed, expansion plates being fre- 
quently inserted at the joints during the operation to prevent their 
closing up. 

On the Union Pacific railroad, two sections of permanent way, 
300 miles each, were allotted, the one to white men, and the other 
to Chinese, and the latter maintained the road better, and at 10 per 
cent, less cost than the former. 

Where timber is abundant (especially in Canada), wooden 
railroads have sometimes been introduced. The permanent way, 
if this be not a misnomer, there costs about £240 per mile. It con 
sists of maple rails, 4 inches wide and 7 inches deep, cut into 14-feei 
lengths, wedged into notches in transverse sleepers, and abutting 

c 2 
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upon each other at the joints. Some of these rails have lasted 
more than five years, being run over by locomotives, having wheels . 
with 5^ inches tread, and with no flange on the leading pair of 
driving wheels, at a speed of from 15 miles to 20 miles per hour. 
These railroads are chiefly for carrying cord wood and other lumber. 
Gradients of 1 in 18 are worked at a speed of 10 miles, an hour by 
locomotives of 28 tons weight, having four coupled and four bogie 
wheels, the load being 80 tons, exclusive of their own weight. The 
adhesion is good when the rails are dry, but small when they are 
wet. The total cost of such a railroad, including a small amount 
of rolling stock, is about £1,200 per mile. 

The severity of the climate in the Eastern States and Canada adds 
greatly to the cost of maintenance. During from four to six months, 
the road-bed remains hard and rigid, the sleepers frozen into the 
ballast, and a good top is kept on the rails, as before mentioned, 
only by ' shimming,' or packing with hard wood wedges between 
the rail and the sleeper. Moderate falls of snow are cleared by a 
small plough attached to the cowcatcher; but for heavy drifts 
snow-ploughs of more elaborate construction are necessary; and, 
even with these, day& are often consumed before the line can be 
cleared. Trains have, in some instances, been so long blocked in 
this manner as to render the feeding of the passengers a matter of 
serious difficulty; The plough (Plate 7) is that now used on the 
Grand Trunk railway. It is mounted on two bogie trucks, and is 
30 feet long, 7 feet 7 inches high to the top of the plough and 
11 feet high in the hinder part. It is fitted with expanding wings 
for throwing out the snow, and with a movable apron for clearing 
the rails and the space between them. There are also scrapers to 
clear the rails of ice. The interior is provided with seats and a 
stove. The plough is propelled by one or more locomotives, as may 
be required, as many as five being sometimes necessary. When the 
firost breaks up in the spring, the state of the road for some weeks is 
such as to demand the most vigilant care, and a large expenditure 
to restore it to proper line and level. 

The water tanks are of special construction, and are generally 
covered with wood. In the best forms, air-spaces and layers of 
sawdust are interposed to keep out the frost ; and the pipes are 
arranged to empty themselves of water. The tanks are often 
supplied by pumps worked by windmills. 

Progress in railroad construction in the United States has not 
extended hitherto, in any great measure, to lines for the daily use 
of those who dwell in the chief cities. Frequently the railroads have 
their termini at a long distance from the business centres ; and in 
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New York especially, great inconvenience arises from this cause, 
the requirements of the traffic being most inadequately met by the 
horse -railroads. These are laid with rails projecting above the 
surface of the street, and are a source of danger to ordinary 
vehicles, and in the narrow and crooked thoroughfares of the 
older part of that city bring about serious blocks of the street 
traffic. Goods, and a few passenger trains are still conveyed 
through the streets by horses into stations at right angles to the 
thoroughfare, the cars, fitted with the bogie, readily turning into 
them round curves of small radii. Whilst this is true of the large 
centres of trade, it is curious, on the other hand, to notice how 
main lines are carried on the level, and without protection, across 
the streets of considerable towns, the express trains often running 
through without stopping. 

A commencement has now been made in New York to remedy 
the evils above referred to, by the construction of a large terminal 
station at 42nd Street, and of an underground railroad northwards 
to the New York Central and Haarlem railroads, the works of 
which are difficult and costly. This line, however, when com- 
pleted, will only bring the traffic to a point still 4 miles distant 
from the business centre. 

The railroad system having extended so largely on both sides of 
the great rivers of the West and North- West, colossal works have 
been carried out at St. Louis, at Buffalo, and elsewhere, to esta- 
blish through communications. Some of these works, involving 
very difficult foundations, possess the greatest practical interest ; 
and detailed descriptions of them by the Engineers engaged would 
prove most valuable additions to the records of the Institution. 

In conclusion, the Authors desire very heartily to acknowledge 
the courtesy with which Mr. A. J. Cassatt, the General Manager, 
Mr. Isaac Dripps, Superintendent of Motive Power, Mr. Collins, 
Mechanical Engineer, and other officers of the Pennsylvania rail- 
road have specially prepared the detailed information necessary for 
this communication. They are also indebted to Mr. Eaton, of the 
Grand Trunk railway, whilst they have made much use of the 
statistics published by Mr. Henry V. Poor, in his Manual of the 
Railroads of the United States, and by the Committee of Stock- 
holders of the Pennsylvania Railroad Company, 

The communication is accompanied by a series of drawings, from 
which Plates 4, 5, 6, and 7 have been compiled. 
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18,611 


154 












19,S2l 


1'25 












18.342 


120 




316 




53 


2,flMl,088 


19,526 


I'OO 


1871 


338 


30 


58 


2,375,33* 




0-87 








63 


2,389,847 


22,302 






156 




77 


2.442,384 


23,213 


0-857 



Table IIL— LocouonvES and Bolumq Stock of the PamnrLVANU Railboad. 





.«.. 


i,«. 


1863. 


...(..... 


im. m,. 


1 FaBsengel, &c. . . 
Can j Freight and Coal . 

Totela . . . 


229 


255 


290 


314 1 868 


362 ' 428 


157 
8.086 

568 


158 

4,016 

562 


173 
,926 

616 


232 1 230 

1,845 4,842 

709 750 


264 1 302 

4.878 5,221 

728 1 727 


3,801 


4,736 


,715 


5,786 '5,822 


5,870 6,250' 


DeKripUra. 18«e. 


... 


..™ 


..... 


..,x 


.«S. 


No. Of LooMuoliveB. . . 

1 PaHsongar, &0. . . 
Cam ( Freight and Coal . 

ISemoe. . . . 

Totals . . . 


434 1 477 


482 


SI4 


S93 


668 


318 1 346 

5,490 . 5,648 

718 I 738 


331 

6,632 

731 


103 
6,685 
1,140 


718 
11,211 
2,168 


763 
13.029 
2.592 


6,526 6,727 


7,694 


8,528 


14.097 


16,384' 



* Id this year 2,536 coal can on the lOad were ovmed b; other parties tlian 
the oompan;. 

* In thiByeac«,501 freight and coal oaraon the road were owned by other partiea 
than the oompany. 
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Table IV. — Comparative Statement of Locomotives and Rolling Stock in 
the United Kingdom, in India, and in the United States. 



Description of Vehicles. 


United Kingdom. 
16,082 Miles open. 


India. 
5,674 Miles open. 


United Statrs. 
70,651 Miles open. 


a 

Locomotives . . 
Passenger Gars • 
Goods Wagons . 

# 


Total No. 


No. per 
10 Miles. 


Total No. 


No. per 
10 Miles. 


Total No. 


No. per 
10 Miles. 


11,435 

33,762 

329,023 


71 

21-0 

205-0 


1,343 

3,729 

23,432 


2-36 
6-57 
41-3 


13,746 

25,854 » 
678,144' 


2 nearly. 
3-6 
95-0 



' In order to institute a fair comparison, the American passenger cars and goods 
wagons, having double the capacity of those of the United Kingdom and India, 
are each counted as two. 



Table V. — The following is a list of all the Curves on the Pennsylvania Eailboad 
Main Line (except the Phila. Div.) whose radius is less than 1,000 feet, giving the 
position and length of same. 



Stations. 



] 



Rockville 

West end Susq. Bridge 
East of Duncannon . 
Mexico . . . . ^ 
Bamifflin and Lewis'^ 

town, 136 m. post 
Bixless Water Station 
East of Lewistown . 
West of Mapletown. 
East of Huntingdon 
Petersburg . 

„ west of 
East of Spruce Creek 

„ ,, Union Furnace 
West of „ „ 

Etet of Birmingham 



»> 



»> 



West of 






Tyrone . 
West of Altoona 



East of Kittanning Point 
At 



West of 






51 



Alligrippu*s 









Radius. 


Length of 
Curve. 


Miles. 


Feet. 


819" 





907' 


•0 


996" 





1041 


•0 


716" 


8 


680 


•0 


955" 


4 


958 


•0 


955" 


4 


725 


•0 


955- 


'4 


776 





955" 


:4 


1124 


•0 


881- 


9 


336 


•0 


955 


4 


575 





955 


•4 


888 


•0 


955 


•4 


547 


•0 


996' 


9 


759 


•0 


955 


4 


1649 


•0 


955 


•4 


961 


•0 


955 


'4 


432 


•0 


954 


•4 


1079 


•0 


955 


•4 


416 


•0 


955- 


•4 


908 


•0 


955 


•4 


875 


•0 


955 


•4 


796 


•0 


955 


•4 


381 


•0 


• • 




682 


•0 


819 





1231 


•0 


674 


•7 


804 





637' 


3 


1464 





955' 


4 


308- 





• • 


1380 





716-8 


938' 





• • 




628' 






stations. 



West of Alligrippu's 

Bennington 
(Grallitzin . 
West of Lillies 

»> »» »» 

» »» >» 

»» >» n 

» »» »> 
Big Viaduct 
West of Big Viaduct 
East of Conemaugh 

»» >> »> 
Johnstown, C. I. Works 

Dormock Point 

West of Dormock Point 

Lockport . 

West of Bolivar 

East of Blairsville Int, 

West of Greensburg 
Turtle Creek . 
East of Brinton's . 

At Brinton's . 
West of Brinton's . 

West of Braddock's) 

Field / 

Mill vale 



>» 



>» 



Radius. 



Miles. 

955-4 
716-8 
955-4 



882' 
955' 




4 



790-8 
974-3 
955-4 



739-9 
955-4 



8190 
954-4 
716-8 
819-0 
955-4 



929-6 
955-4 



Length of 
Curve. 



Feet 

278 \0 

744-0 

1130-0 

884-0 

1360-0 

1380-0 

258-0 

1926-0 

1410-0 

1028-0 

514-0 

1278-0 

856-0 

551-0 

1521-0 

1502-0 

14430 

1494-0 

663-0 

416-0 

1222-0 

1581-0 

391-0 

600-0 

900-0 

683-0 

500-0 

716-0 

800-0 
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1. — ^Position of pomrs on the Pennsylvania Bailboad at which the average 
GRADE changes, and the elevation of these points. 





Distance 


Elevation 




Distance 


Elevation 


Stations. 


from Phila- 


above 


Stations. 


from FhiUi- 


above 




delphia. 


High Tide. 




delphia. 


High Tide. 




Miles. 


Feet 




Miles. 


Feet. 


ila. . . . 


0-0 


20- 





McVeytowu . . . 


178-4 


515-3 


ille . . 


7-7 


351- 





Manayunk .... 


183-0 


511-6 


Villa Nova 


11-7 


424- 





Newton Hamilton . . 


188-5 


592-0 


Radnor 


13-8 


390- 





Mount Union . . . 


191-4 


590-5 


Reeseville 


18-2 


518- 





Mapleton .... 


194-5 


.586 -3 


Paoli . . . 


20-3 


544- 





Mill Creek .... 


197-8 


596-5 


MLalvem ." . 


21-8 


540- 





Huntingdon 


203-1 


615-4 


Downingtown . 


32- 1 


247- 





Warrior Bridgo Water'^ 
Station . . . ./ 


207-7 


674-3 


Oolumbia . 


37-2 


372- 





Goatesville 


38-8 


372- 





Petersburg .... 


209-6 


670-9 


Parkesburg 


44-9 


554- 





Barree 


212-9 


716-6 


Renningtonvill 


B 47-6 


480- 





Spruce Creek . /. . 


215-5 


769-8 


Jap . . . . 


50-9 


566- 





Birmingham 


220-3 


859-5 


Leaman Place. 


57-8 


358- 





Tyrone 


222-9 


901-4 


3ird-in-hand . 


60-0 


392- 





Bells Mills. . . . 


230^3 


1053-3 


n 


62-2 


340- 





Altoona 


237-2 


1171-3 


»> 


63-55 


377- 





West of Altoona . . 


238-2 


1223-5 


estoga Bridge . 


671 


300- 





♦» »» »» • • 


238-4 


1220-5 


Lancaster . . 


69-6 


364- 





Kittanning Point . . 


242-4 


1581-5 


mestoga Bridge 
Ille . . . . 


|i 72-3 
75-9 


307- 
398- 






East of Allegheny! 
Tunnel . . . ./ 


248-2 


2116-8 


luis Bridge 


78-1 


354 





Gallitzin .... 


249-0 


2154-4 


'» »> • 


78-9 


370 





Name not known . . 


252-1 


2011-2 


iiiquis Bridge . 


80-1 


304' 





West of Wilmore . . 


262-6 


1542 1 


»» »t 


81 


368- 





East of Summer Hill. 


264-0 


1562-2 


^ilizabethtowu . 


85-9 


468- 





West of Conemaugh . 


275-0 


1176-4 


» ' 


88-8 


492- 





Jol^nstown .... 


275-9 


1176-4 


I Ck)l. Br. E. oi 


'1 95-6 


306' 





East of Ninevah . . 


285-0 


1119-0 


etown . . 


„ „ New Florence 


289-2 


1074-7 


irgi . . . . 


105-4 


313' 





West Houston's . . 


291-8 


1040-4 


le Int. of Col 


j 70-0 


351- 





Names not given . . 


295-6 


1023-9 


Ith new Line^ . 


j» » >» • • 


303-2 


1136-4 


DQlerville^. . 


71-2 


317' 





?> ?> >? • • 


308-5 


1199-2 


Kohrerstown^ , 


74-6 


416- 





East of Latrobe . • 


312-1 


999-4 


Monntville^. 


75-6 


416' 





»>»»>» ... 


313-4 


997-3 


A^ 


80-9 


242 





Carr^ Tunnel . . . 


318-3 


1201-8 


1 Union Line^ 


99-5 


306 





East of George's . ' . 


319-0 


1170-1 


Harrisburg . 


. 107-4 


339 


•6 


West of „ . . 


319-6 


1191-7 


n 


. 109-8 


327 


•2 


East of Greensburg . 


322-3 


1058-3 


1 Siisq. Bridge 


. 1110 


343 


•4 


West of „ . . 


324-4 


1163-6 




. 123-3 


370 


•3 


East lif Penn. . . 


328-5 


963-7 


• . 


• 


. 128-5 


379 


•9 


West of „ . . . 


329-1 


976-2 


k. . , 






. 133-2 


387 


•5 


Walla 


339-2 


744-4 


>wn . 






. 138-3 


401 


•4 


East of . . . 


342-0 


742-2 


ontown . 






143-4 


412 


•0 


Swissvale .... 


345-8 


915-5 


ra . . 






. 148-6 


421 


•6 


East Liberty . . . 


349-4 


910-7 


le . . 






. 152-0 


434 


•8 


East of Pittsburg . . 


350-8 


744-5 


• • « 






. 154-7 


434 


•3 


Pittsburg Yard . . 


353-5 


752-3 


vn 






. 166-4 


490 


•8 


„ Union Depot 


353-9 


737-9 


le 






. 170-3 


491-2 


„ Dequesne \ 
Depot . / 


354-8 


720-9 



Mt. Joy Route. 



2 Columbia Route 3*9 miles longer than Mt. Joy Route. 
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Mr. Charles Douglas Fox remarked, that this Paper had grown 
out of visits which his brother and he had made to the Penn 
sylvania railroad, and of the kind ojffer by the officers of the com 
pany to supply the detailed information necessary for such a com' 
mnnication. He knew, of course, of the excellent Papers by 
late Mr. Colbnrn,^ and of the long discussions to which tlii 
gave rise, so that he had some hesitation in presenting a farther^ 
one dealing apparently with the same subject. But he felt that,| 
although the whole question of locomotives and of rolling stock i 
the United States had been brought forward, no complete an4i 
systematic account of any particular railroad had been plaoeJ 
before the Institution, and he had therefore chosen for description^ 
one of the best railroads in that country, both as regarded con- ^ 
struction and working. ■ 

The progress of American railroads during the last few yeai» * 
had been very great. In five years there had been constructed no 
less than 28,396 miles, involving an expenditure at the rate of abont?^ 
£55,000,000 per annum. This rate of increase, however, waft 
abnormal, and was chiefly brought about by the large land grants 
made by the legislatures to the companies. The result had been 
to cause extensions into districts where probably railways migkfc J 
not otherwise have penetrated. The chief extension of late years 
had been towards the west ; and it was considered by some of the 
most eminent authorities that it had now more than reached (at any 
rate for some years) its extreme profitable limit. Many of the 
western railways did not pay. They depended for their traffic j 
chiefly upon agricultural produce, and the great market for that 
produce was in Europe ; so that the farmer had to sell his com 1 
at Liverpool prices, less the cost of land transport to the eastern, 
seaboard and the freight to Liverpool. There was, therefore, a i 
limit to the distance westward at which com could be profitably 
grown for the European market. In the report of the Investigat- { 
ing Committee already referred to, it was stated that the western r 
extension of railroads for agricultural purposes had reached its 
limits, as regarded dealing with the European supply ; and that 
what was now needed in the west was the growth of manufac- 
tures, in order that manufacturers and agriculturists might provide 
traffic for each other. The gross earnings of the American railroads '- 
in 1873 amounted to about 13 per cent, of their cost; the net 
earnings during the same period were 4*96 per cent., and the 






' Vide Minutes of Proceedings Inst. C.E , vol. xxii., p. 540, and vol. xxviii., 
p. .SCO. 
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earnings per head, £2 68. 9d, If, therefore, the future extension 
waa not carried on in too rapid a manner — if the railroad system 
had rest, it was clear that, with an immigration of over one million 
persons annually, the net receipts must largely increase, and the 
general financis^ results become satisfactory. The Pennsylvania 
Bailroad Company had been, on the whole, the most successful 
in the country. This was attributed to three causes. (1) Its 
wiginators had the wisdom to purchase large quantities of land 
at the chief stations. Many people then thought them wasteful 
» and extrayJBkgant, but their foresight had been of the utmost 
importance to the company as regarded its great centres of trade, 
especially at Philadelphia. (2) The main line was now worth 
more than double the original cost. (3) The company had the 
control, in one way or another, of 5,933 miles of railroad, by 
means of working agreements, or by holding large quantities of 
stock, giving them the chief voice in the management. With 
T^rd to the large goods wagons employed in America, some of 
them 28 or 30 feet long, they might be valuable for through 
freight for long distances, but he thought they must be incon- 
venient where the goods had to be picked up at roadside stations. 
This great length had probably grown out of the use of the 
bogie truck. As to the question of chilled wheels, he had heard no 
difference of opinion either in America or in Canada. He was 
present when attempts were made to break up some of the wheels, 
«ttd he was greatly surprised at their tenacity. It seemed more 
Kke trying to break wrought iron than cast iron. For wheels 
▼Mch, as in the case of leading .trucks, hai to perform the duty 
of guiding the train, and which had their tires constantly press- 
ing against the rails, there was nothing, in the opinion of 
American managers, like cast iron* The large and cumbrous snow- 
ploi^h (Plate 7) was not too strong for its purpose. The stove 
was an important part of the arrangement. It was not an un- 
common thing (it had happened to a relative of his own) to spend 
three days and three nights in one of the ploughs. Mr. Carl Pi hi, 
of Norway, had been successful in stopping snow-diifts, by fencing 
placed at a short distance from the line. lie explained the traffic 
diagram used in working single lines in America, which was 
similar to that introduced long since by Mr. Brunlees, and to the 
one exhibited by Mr. Price Williams in the discussion on rail- 
way signals.^ It was arranged with pins and threads ; and as the 
train despatcher, who had charge of 100 or 150 miles of line, was 



* Vide Minutes of Prococdinga Inst. C.E., vol. xxxviii.. p. 233. 
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informed by telegraph of any hitclies, lie could show by moving tlic 
pins how the stoppages and crossings of the trains were to be 
modified. 

Mr. F. W. Webb would have been glad if a description had been 
given of the arrangements for working the traflSc, especially 
with regard to refuge sidings, which, instead of being on one side 
of the line, were generally put in the middle, between the up and 
the down lines, so that they could be used for traffic running in j 
either direction. Where the bulk of the traffic went sometimes in 
one direction and sometimes in another, that plan was useful, and *| 
it might, he thought, be copied with advantage. He had spent 
a good deal of time on the Pennsylvania railroad, and he agreed 
with the Authors, that the examples there presented of locomotive 
practice were about the best that could be seen in America. Cast 
iron was used to a larger extent than in this country, and he 
thought, in some cases, with advantage. The locomotives also 
had much smaller driving wheels. In this country the limits of] 
driving wheels for a properly-balanced engine had been exceeded. 
Since his visit to America he had investigated th^ matter, and \ 
was now running some of the fastest express trains on the j 
London and North Western railway, including "The Flying] 
Scotchman," with locomotives having driving wheels of 66 inches | 
in diameter. The first engine of that class had run 26,000 miles [ 
without needing repairs, and would probably run 26,000 miles i 
more before showing any sign of wearing out. It seemed likely ] 
that the carriage of petroleum on the railroad in question would ; 
be superseded, as pipes were being laid down, and it was pro- ■ 
posed to pump it to towns 20 or 30 miles distant. He believed^ 
that Mr. Pullman had done great service to the travelling public ; 
in America; but the Pullman car was an unwieldy thing to deal J 
with; and he thought after it had been used for a short time in^ 
England passengers would be content with a smaller carriage. > 
lor himself he should be sorry to ride in a carriage the only! 
exit from which was at the ends, where the adjacent carriages 
were trying to get in, or, in familiar phrase, to telescope it, as.j 
occasional collisions could not be avoided; and he should like toi 
have something better than an arm-chair to prevent his being shot - 
a distance of 40 feet into a plate-glass window. Another dis-^ 
advantage was that the passenger had not the control of the] 
window, as in ordinary carriages. There was also the objection o; 
dead weight. The cars brought over to this country he under- 
stood weighed 21 tons, to carry twenty-four passengers ; but on 
going to bed the passengers went into another car, leaving the 
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other empty. This was not the way to reduce the weight of the 

trains, which was felt to be so desirable. When Sir Joseph 

Whitworth took the matter in hand, some time ago, he had hoped 

that something might be accomplished, but no result appeared 

Mtherto to have been arrived at. The high-class steel, referred to 

in the Paper, was said to have a tensile strength of 90,000 lbs. ; but 

lie was satisfied when steel had a breaking strain of 65,000 lbs. 

per square inch. This would stretch 30 per cent, before breaking ; 

and he found no difficulty, in the boilers he had made, in keeping 

to a uniform standard — within 5,000 lbs. per square inch. He had 

only a short experience of the Westinghouse break. The vacuum 

Ijreak had been in use on the St. John's Wood line, and was being 

tried on the South Junction at Manchester. There were no 

chilled tires on the North- Western line. He thought a great 

deal of the difficulty in connection with the use of steel tires in 

America would be overcome if the outer rail were elevated on 

,_ carves instead of reliance being placed on the bogie truck for the 

guiding. It was stated that an engine took 223 tons up the 

incline at Altoona in thirty-five minutes. It was also stated that 

another engine took 215 tons up the same incline, and had 

CTaporated 2,400 gallons of water in less than an hour. He 

thought there must be some inaccuracy in the statement with 

regard to the evaporative power of the engine, or that water as 

^U as steam passed into the cylinder. It was not possible for 

Ml engine to evaporate so large an amount of water in the time. 

Mr. T. W. WoRSDELL believed he inaugurated the experiments on 
the Pennsylvania railroad to which reference had been made. He 
thought there must be a mistake in some of the figures cited. The 
amount of water evaporated in going up the gradient of 1 in 55 
from Altoona to the summit of the mountain had, to his know- 
ledge, never exceeded 1,600 gallons, and that great evaporation was 
sometimes due to saturated steam. The greatest load he remembered 
an engine taking up the mountain was about 240 tons, and that 
was accomplished just within the hour, the evaporation of water 
being 1,600 gallons. During his connection with the Pennsylvania 

Indlioad the company began the manufacture of steel boilers, and 
filtered into it more extensively than any other railway or manu- 
&etnring firm. He had been engaged in the construction of 
about one hundred Jand twenty steel boilers and two hundred and 
fifty fire-boxes. When the copper fire-boxes were worn out very 
ftin cmcible steel was substituted. It was stated in the Paper 
that all the *steel was subjected to a particular test, and the 
tensile strength was given as 90,000 lbs. per square inch, but the 
[1874-75. N.S.] D 
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steel in question could not be snbmitted to that test. Some of it^^ 
had a tensile strength of 90,000 Ihs., but that was used for th^ 
barrel plates of the boiler. The fire-box was steel of a loweir 
temper, and was tested by heating it to red heat and plunging it^ 
in cold water. The steel was supposed to be perfect after .ih» 
first dipping ; but it was ascertained by experience that if heatecL 
and dipped seven times, it became slightly softer; after that it^ 
began to lose its softness. The thickness of the plates was } inch^ 
he would willingly have used plates of -^inch, if it had beeiK. 
possible to screw the stays in. After dipping, a mechanical test^ 
showed that the steel was sufficiently soft and pliable for flanging 
purposes. In the construction of steel fire-boxes, it was discoveredl. 
that if the flanges were not turned away from the fire in the &onfc 
part of the box the rivet holes were apt to crack, even with th^ 
best steel. On coming to this country, in 1870, he found tha" 
Mr. Webb had a fire-box constructed in the same way of stee' 
plates, and with flanges turned away from the fire ; and, curiouslj^ 
enough, with a very thin copper lining such as was used fojar 
caulking. On the Pennsylvania railroad it was customary 
stay the roof of the fire-box according to the old-fashioned plai 
bracing it from the crown bars to the roof of the boiler. Bw-^ 
when steel fire-boxes were employed it was ascertained that, wil 
vertical steel sides, the pressure could be supported without stayinj 
The practice of staying to the roof of the boiler was then discoi 
tinned, without even a partial explosion, or a fracture ensuing 
It appeared singular, however, to trust entirely to the flat top oi 
the fire-box, supported only by bar stays, and a boiler was accorcl- 
ingly ordered by the superintendent to be stayed in the usuai 
way ; and yet that part of the boiler blew up after it had been 
about three years in service. That was the result of over- 
pressure ; but the others had, no doubt, been subject to the 
same pressure many times. The side of the exploded boiler had 
a seam, and there appeared to be some expansion and contraction 
working against it, which caused the guttering in so short a time, 
and led to the explosion. The other boilers were examined imme- 
diately to ascertain whether they were defective, but there was ■, 
not the slightest sign of guttering. Another feature, peculiar to " 
American locomotives, was the great use of cast iron, which was 
employed even for slide valves. He knew from experience that 
cast-iron valves lasted longer than the brass valves in common 
use in England, especially those with white metal let into them* 
A valve was seldom broken, although the area was large. Tli® 
weak point, if any, about the ordinary American cylinder W^ 
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the enormous steam chest. The driving wheels were commonly 
solid. The Pennsylvania Company was, he believed, the first to 
make them with hollow spokes and rims, which they did with 
great advantage. He had seen many outside cylinder coupled 
express engines with every spoke broken, the crank rattling within 
the spokes, and the wheel only held together by a good English 
steel tire; but he had never known one of the hollow-spoke 
wheels to be broken except in cases of collision or " jumping the 
track." He remembered a curious circumstance in connection with 
hollow-spoke wheels. Water had been applied to cool the tire on, 
without regard to stopping the core-holes ; and in the winter the 
spokes were found cracked in a longitudinal direction. It seemed 
that the water had got into the holes and cracked the spokes. This, 
of course, was an unforeseen accident. The spokes answered very 
well, and were extremely light. The practice of balancing with 
lead was a bad one. The method employed was that of casting a 
cavity in the wheel and pouring the lead in. By constant use the 
lead became pounded into a smaller size. This system was a 
source of great trouble, and he could not recommend it. The 
smoke-burning arrangements were similar to those adopted in this 
country, and of great variety ; but the most efficient, and one which 
he believed was not adopted in this country, was an arch stretching 
from the tube-plate below the tubes up towards the fire-door. The 
arch was made with flat bricks, which extended across the fire-box, 
supported by the water tubes, these tubes forming a kind of loop 
on which the bricks were laid. One advantage of Ihis arrange- 
ment was ascertained accidentally. An engine had got short of 
water, — the pumps would not work, or the injectors had failed, — 
but there was a kind of injection of water on the top of the fire-box 
which kept it cool until the fire was put out. It was the practice to 
carry heavy fires, and to employ large fire-boxes, so that these water 
tubes formed a useful safeguard. The tubes of the boiler were 
large, a curious circumstance seeing that there was a sharp 
exhaust. The exhaust was necessarily sharp, on account of " the 
smoke stack," or funnel, being composed of a quantity of obstructive 
material, such as the inverted cone, the netting, and sometimes 
double pipes, causing the draught to travel up and down two or 
three times. He was inclined to think there was too much com- 
pHcation in these arrangements. In some of the illustrations ex- 
Mhited by the Authors, the engines had not the American type of 
chimney. The netting was adopted in consequence of the old 
system of wood -burning. In dry seasons, the sparks, if they 
escaped, set fire to the long grass by the side of the road, and the 

T) 2 
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flames spread to the neighbouring property. The public appeared 
quite aware of any change in the formation of this part of an 
engine ; for if an engine passed, exhibiting any difference in con- 
struction, and a fire happened in the neighbourhood of the rail- 
road, it was always attributed to the emission of sparks. It might 
be, in such cases, that the apparatus for preventing the emission 
of sparks was more perfect inside the boiler or smoke-box than 
was apparent outside. The tubes for goods engines were generally 
2^ inches in diameter, and for passenger engines about 2J inches. 
The longest distance he knew of from tube plate to tube plate 
was 14 feet 10 inches. 

Mr. Bramwell asked if Mr. Worsdell could state the per- 
centage of carbon in the two kinds of steel, used in the barrel and 
in the fire-box respectively. 

Mr. Worsdell said that the steel was only tested mechanically, 
not chemically, but he should imagine that the percentage of 
carbon in the fire-box steel would be • 18 or * 20, and in the barrel 
steel 0-24 or 0-25. 

Mr. Barlow said that when engineers travelled abroad and 
brought home the results of their experience, the information thus 
obtained was most valuable. It was important, however, 'that 
the facts should be given accurately; or, at any rate, that the 
meaning of the Authors should be properly understood. He was not 
quite sure whether the remarks in the Paper as to steel had been 
quite understood; It had been stated that steel of the tensile 
strength of 90,000 lbs. to the square inch could not bear the test 
of being chilled and bent double. But it was said in the Paper 
that " a sample of every plate of steel used in the construction of 
a boiler is tested by being heated to redness, and then plunged 
into cold water; after which the same piece, while cold, is bent 
double.'* And again, " The tensile strength of some of the steel, 
which is made at Pittsburgh, is 90,000 lbs." 

Mr. Fox said he did not intend to speak of the two steels as 
identical. 

Mi\ Barlow thought that the statement ^with regard to the 
use of cast-iron chilled wheels, as compared with steel, was 
not quite clear. It was alleged that steel wheels would not 
bear the severe shock of guiding a locomotive over the sinu- 
osities of the line, while chilled wheels answered the purpose 
perfectly, very rarely breaking, and one such wheel would outlive 
at least three steel wheels. Farther on it was stated, that the 
driving wheels of engines, although made of cast iron were tired 
with steel. It was difiicult to understand how one material was 
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required for a carriage wheel and another material for a driving 
wheel. Some explanation on that point was required. He also de- 
sired to ask whether the time said to have been occupied in relaying 
so extensive a length of line — he believed over 300 miles — namely, 
seven hours, was based upon official information, or was merely a 
hearsay statement from the engineers of the line. If it was a fact, 
it was one of the most remarkable performances on record. Another 
point to which he desired to direct attention was the diifference in 
the methods of construction employed in America and in Eng- 
land. In the former country a machine of some kind was ap- 
parently used for the removal of earthwork instead of men and 
horses, but no such machine was known here. With regard to 
PuUman's carriages, considered in the abstract the less dead 
weight there was to carry the better. If a carriage with a 
certain degree of comfort could be produced of a small weight 
instead of a large one, undoubtedly it would prove the more 
valuable article. But there was a certain attractive power 
about a Pullman's carriage, which ought not to be overlooked, a 
power which brought passengers to it who would not otherwise 
travel by railway. A Pullman's carriage weighed somewhat over 
20 tons. The cost of hauling that weight was about l^d. a mile ; 
that was the sum which the Midland Company proposed to 
charge for first-class passengers, so that one first-class passenger 
would pay the haulage of the carriage. If the attractive power 
of the carriage brought more than one first-class passenger it 
would of course pay itself. He understood, from a speech recently 
delivered elsewhere, that the carriage had proved attractive, and 
that the Midland Company contemplated extending the S3^stem. 
He did not think a fair comparison could be drawn between one 
carriage and another without taking into consideration the at- 
tractive power of the carriage, or the comfort and luxury which 
it offered to passengers. 

Mr. Bramwell said he gathered from Mr. Worsdell that it was 
customary in the United States to stay fire-boxes to the upper part 
of the semicircular roof of the boiler. (Mr. Worsdell said that 
when copper fire-boxes were used that was the case.) It was also 
stated that, on using steel* boxes, the practice was discontinued, 
and reliance was placed on girder stays upon the roof of the fire- 
box, and that when, yielding to the representations of certain 
persons, one of the boxes was again stayed to the semicircular 
roof of the boiler, a disastrous result took place. During a dis- 
cussion at the Institution on a Paper by Mr. Eobinson on Loco- 
motives, when that kind of staying came under observation, ho 
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said,^ and now repeated, that, to his mind, it was perfectly clear 
the staying-Tip of a fire-box to the semicircular roof of the boiler 
must of necessity put a strain upon the outer shell of the fire-box 
and that a^ disastrous result ought to happen, he would not say an 
explosion, but the gradual and successive giving way of the side 
stays. These propositions were denied at the time, but it was 
admitted that stays had given way just in the place where he 
said they ought to give way. If there were a semicircular roof to 
a boiler, and the flat top of the fire-box were not stayed to it, 
the semicircular part of the roof was in balance, and the screw side 
stays would not be called upon to play any other part than to hold 
in the small superficies which each stay subtended ; but by hanging 
up the roof of the box to the arch above it by radiating stays, the 
balance of pressure on the upper part of the boiler was taken off, 
and lateral strains were thus thrown upon the side stays, which 
they otherwise would not have had to bear ; the result was that 
the top side stays, the screw stays, gave way, the top row first, 
then the next, and so on. He had always understood that this 
defect occurred in those cases where staying up to the roof of the 
boiler had been practised in England, and that it ceased to occur 
when girder stays were trusted to. He was not surprised to hear 
that the result of staying up one of the steel fire-boxes to the semi- 
circular roof of the boiler was not successful. It seemed to him 
that it ought not to have been so, because, owing to the hanging 
up of the flat roof of the fire-box to the semicircular top of the 
boiler, the balance of pressure was destroyed. 

Mr. Webb remarked that with fire-boxes rigidly stayed to the 
outer casing, when the fire was lighted in the engine, the internal 
box was the first to expand, and the effect of that was either to 
depress the crown, to bend the roof stays, or to force up .the outer 
shell, thus contributing to create a groove along the longitudinal 
seam joining the crown-plate of the outer casing to the side plates. 
The plan adopted at Crewe was to sling the fire-box to the outer 
casing in such a way, that though the fire-box could expand up- 
wards, when the pressure was in the boiler, the fire-box roof was 
well supported and could not come down. 

Mr. Michael Longridge thought that information about American 
railroads must be particularly interesting because of the great dif- 
ference between the systems in the two countries ; and any facts 
that would contrast the two systems, so as to indicate which 
should be employed in a particular case, could not be other- 
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wise than useful. In some cases there conld be no choice. No 
engineer would establish what was known as an American railroad 
to carry the vast traffic of this country at the high speeds now 
required ; nor would it be possible in a place like South America 
to raise the capital required to build works of the same solidity as 
those constructed in this country. The colonies could raise money 
at 5 or 6 per cent., and the Indian Empire at 4 or 5 per cent., and 
then it became a question for an engineer to determine whether it 
was better to pay 5 or 6 per cent, on the extra cost of heavier 
rails, greater quantity of ballast, and a more enduring road, or 
to bear the increased cost of maintenance of an inferior line. It 
appeared from Table I. that the percentage of working expenses 
to gross earnings for thirteen years was 65 per cent.* In 
Sweden, a country where the traffic resembled that of North 
America, and where the climate was similar, the proportion on the 
State lines was about 53 per cent., and on many other lines lower, 
being in the case of the Gefle-Dala as low as 38 per cent.^ The 



* The following particulars of the working expenses and other details of the 
Swedish railways, in 1870, have been furnished by Mr. Michael Longridge: — 
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Swodefl, however, paid particular attention to ballasting. Ho enp- 
poeed that the large proportion of 65 per cent, on one of the best 
lines in the United States was in a great mcasnre due to the heavy 
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cost of maintenance of way and rolling stock. He wished that some 
details of the heavy working expenses had been given. The amount 
of dividend was much below the net revenue, and he could only 
suppose that the balance was interest on bonded debt. There were 
no particulars of the amount of bonded debt from year to year, the 
number of miles opened, and the equivalent of a ton, which he 
believed in America was sometimes 2,000 lbs. With these additions 
Table I. would give the first cost of the line, the cost of mainte- 
nance, the traffic earned, and the train mileage — data sufficient to 
enable a judgment to be formed of the economy of this line rela- 
tively to others. With regard to the snow fencing, that was a 
practice extensively adopted in Sweden, and the cost of a snow 
fence was often paid for in a single snowstorm. 

Dr» Siemens hoped Mr. Fox would farther explain the statement 
that, for the whole of the rolling stock in America, chilled cast- 
iron wheels were used in preference to steel-tired wheels. It was 
not said that this was done on the ground of economy; but that 
the steel tires had been tried for passenger cars, and that they 
quickly became dangerous from rapid wear. It seemed extraordi- 
nary that wheels with steel tires should wear so rapidly on American 
lines, as to become positively dangerous after a short service, whilst 
in this country chilled cast-iron wheels, which were formerly used 
for coal wagons and rolling stock of that description, had been 
abandoned on account of the dangerous character attaching to 
them. He thought this difference must be owing to some peculiar 
mode of manufacture, or to circumstances that had not been 
explained. He believed the outer rail on curves on American lines 
was not raised above the inner rail ; and it might be that a wrench 
was thus imparted to the wheel in going round a curve which 
tried steel tires more than it would try a solid wheel. Keference 
had been made in the Paper to the use of steel for structural pur- 
poses. Steel boilers were general, and stress was laid upon their 
being made of crucible steel. For the shell of a boiler, he could 
understand that crucible steel would answer extremely well, because 
it was relatively hard, and tensile strength was the highest de- 
sideratum for the shell of a boiler. It was different in the case of 
a fire-box, where extreme toughness was the desideratum ; and he 
should imagine that the crucible was not the best mode of ob- 
taining that degree of ductility, since it would be obtained 
at the expense of strength. It had already been explained 
that the statement, with regard to the ductility test, did not 
apply to the steel which, when tried for tensile strength, gave a 
result of 90,000 lbs. That certainly would appear to be excessive 
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for steel that took no temper. Steel that would bear a tensile 
strain of 90,000 lbs. to the square inch would, when chilled red- 
hot, become hard to a certain extent, so that it could scarcely he 
the same steel that stood the two tests. With regard to the 
carbon, the figures quoted by Mr. Worsdell must, he thought, be 
too low. A perc^itage of 0. 18 was a Tery low amount of carbon, 
even for the mildest steel, and so was * 25 per c^it. But one point 
ought not to be lost sight of^ namely, that carbon alone did not de- 
termine the hardness of steel, but carbon and manganese. Steel 
might be made almost devoid of carbon, which would, neverthe- 
less possess a certain amount of hardness if plenty of manganese 
were employed. On the other hand, if very little manganese w^ere 
used, considerable ductihty would be obtained, even with - 5 pei 
cent, of carbon. Speaking from recent experience by Mr. Willis 
the chemist at the Landore Steel Works, he believed that it wai 
the sum of the two ingredients 'which determined the dnetiht] 
of the steeL Without manganese as an alloy mild steel ^wouk 
break to pieces. If manganese appeared in excess, the steel becain< 
hard, and would not stand a blow. Steel was a material capabL 
of being developed into almost any quality ; it required, therefore 
to be studied from various points of view. It was on such occa 
sions as the present that its application, its usefdlness, and it 
qualities for structural purposes became gradually more and mor 
understood. 

Mr. Galbraith said the first point that attracted his notice h 
the Paper was the dimensions given for the earthworks. Em 
bankments for a double line were said to be 24 feet 3 inches vidd 
at formation level : but he thought there must be an error in th 
statement. It would allow only 12 feet for the embankment o 
a single line of 4 feet 9 inches gauge. He had been trying t 
reduce the expenditure on railways, and he had found that a 15-fee 
base for an embankment was too smalL On the other hand, cut 
tings with a base of 32 feet seemed extravagant. On first-olas 
railways in England the cuttings were about 30 feet, and some 
times only 28 feet. He could not understand why a cutting shouli 
require a width of 32 feet, and an embankment only 24 feet. Th< 
permanent way of the Pennsylvania railroad was thought to b 
unusually strong, and about the best in America ; but, comparet 
with an English line, it was rather weak. Its strength was du< 
to the great number of sleepers, which were placed about 2 fee 
apart. Timber was probably very cheap in America, and it suitec 
the authorities to use a number of sleepers. The system vvoul( 
not answer for England, for sleepers were perishable, and i 
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was better to have a smaller number of them and a heavier 
rail. 'Shimming' appeared to consist in drawing spikes and 
putting a loose packing under the rail for repairs during 
frost; but he did not understand why it should be necessary, 
because, if the road was in tolerably good order before the frost, 
the sleepers ought to be set so hard in the ground that there 
could be no subsidence. On the other hand, if the * shimming ' 
was a customary process, he thought the spikes, from constant 
drawing, would soon work loose, and the road cease to be a good 
one. Dog-spikes were first introduced in this country with the 
Vignoles rails, but they had long since been abandoned as an 
inferior mode of fastening the permanent way. With regard to 
the general cost of construction, seven years ago, when it was 
found that railways cost so much and that dividends were falling, 
there was a great demand for light railways. About that time 
a clause was inserted in an Act of Parliament for the purpose 
of permitting the Board of Trade to sanction railways of a 
lighter description than those in ordinary use. After the Act had 
passed, it fell to his lot to construct two such railways. One of 
these was the Ilfracombe line, the gradients of which were heavy. 
It had been sanctioned in the previous year, but the cost seemed 
likely to be so great that, after the Act had been obtained, the 
promoters went to Parliament a second time, as the only way of 
getting the line constructed appeared to be by adopting the light 
system. He took the precaution to go to the Board of Trade 
in the first instance to ask about the permanent way, and was told 
by one of the principal inspectors that the Board would pro- 
bably not be inclined to pass a less weight of rail than 60 lbs. per 
yard. Acting upon that, the construction of the railway was pro- 
ceeded with. A steep hill interposed between the sea and the main 
system, over which the line had to be carried. There was one 
gradient of 1 in 40 for 3^ miles on one side of the hill, and 
another of about 1 in 36 for the 2 J miles on the other side. The 
curves were of 15 chains radius, one or two of 14 chains, and two, 
not on a steep gradient, of about 7^ chains. The permanent way 
was laid with 60 -lb. rails, with the sleepers, a yard apart, 9 inches 
by 4i inches. Great economy was exercised, and the works were 
let, including stations, for £90,000; but, when the Government 
Inspectors were consulted, the requirements with regard to sta- 
tions were so increased, that the idea of a^ light railway soon 
disappeared. The signals, stations, and everything connected with 
the railway were as costly as though it had been a heavy one ; 
the only thing light was the permanent way, and in order to get 
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that, restrictions were placed on the weight of the engines and on 
the speed. The result pf this Ilfracombe exj)erience indicated that 
a light railway in a hilly country was a mistake. The engines were 
specially built to suit the gradients : they had six wheels coupled, 
and weighed 24 tons. The wheels were 4 feet 6 inches in diameter, 
and the cylinders 16 inches diameter with a length of stroke of 20 
inches. The greatest load that an engine was capable of taking 
up the incline was 84 tons ; but it usually worked with a load 
of 75 tons. Soon after the line was opened, it was found that 
the permanent way was not suitable for engines of that class, 
which burst the rails out of gauge on the sharp curves, so that 
they had to be secured by ties. He thought that light rail- 
ways, in this country, were only available where the gradients 
were easy and where light engines could be used. The easy rail- 
ways in England were mostly made, so that he thought there 
was no great prospect for such projects. The cost of the Ilfra- 
combe line, including land and all other expenses, was £135,000, 
being at the rate of £9,000 per mile. The other light line 
he had constructed was the Sidmouth railway, where the works 
were lighter and the gradients less steep, namely, 1 in 45 and 1 
in 54. There was the same kind of permanent way, the same 
class of engine, and with the same results to the rails. The engine 
was apparently too stiff for the permanent way, although it was 
secured with better fastenings than appeared to be in use on the 
American lines. The South- Western Eailway Company, who worked 
the Ilfracombe line, were persuaded to substitute the 75-lb. double- 
headed rail for the light permanent way on the two steep gradients 
above mentioned, and the result was satisfactory. He felt certain 
that if light rails had been adopted on the heavy inclines, consir 
dering the break power required, they would have stood but a 
short time. In the case of straight lines or easy curves, an engine 
did not do much damage to the permanent way ; but with sharp 
curves and heavy inclines he was sure the system would not 
answer. One or two points were omitted in the Paper which would 
have helped to demonstrate the comparative cost of American and 
English railways. It was stated that the Pennsylvania railroad cost 
£11,250 per mile including rolling stock ; but that sum ought to 
be divided under three heads, works and stations, land, and rolling 
stock, for the purpose of comparison. In America many items did 
not appear at all. There was no fencing ; there did not seem to 
be any road bridges, level-crossing gates, or signals ; the terminal 
stations were few ; and last, but not least, there was no Govern- 
ment inspection. An American railway seemed to consist of the 
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line only. If there were a Government inspection, it was very 
different from what it was in England. Government inspectors 
were very courteous in their dealings ; but he thought they 
were a little hard on the smaller class of railways. No expense 
should be spared in providing the most complete and the most 
perfect system of signalling which could be devised for main 
through lines like the London and North- Western ; but in 
the case of branch railways, where every train stopped at eVery 
station, an elaborate system of signalling, to prevent one engine 
coming into collision with itself, seemed out of place. Bogie 
engines offered some advantage, and he should have been glad 
if they had been tried on the Ilfracombe line, or if radial axles 
had been introduced. The present engine ran round a 7i-chain 
carve with the heavy permanent way without doing any damage ; 
and he believed that the mischief was due to the lightness of the 
road and the insufficient fastening, which a light rail rendered 
unavoidable. 

Mr. Price Williams said this Paper supplemented two very 
valuable communications by the late Mr. Zerah Colburn, read 
before the Institution, some years ago. The classification of 
locomotives had then been treated most exhaustively, and not 
only had the types been given, but also the performances of 
different engines. Having regard to those statements and figures, 
he could not understand the assertion in the Paper about the 
evaporative power of an engine on the Altoona incline. The 
highest performance of one of the London and North-Westem 
express engines with the Holj'head train was to evaporate 2,500 
gallons in two hours. Mr. Colburn first drew attention to the 
subject of cast-iron wheels, and gave several striking results of 
their use. He expected in the interval that had elapsed some 
farther valuable information and data would have been afforded. 
The Authors had, he considered, abundant materials for most 
important additions. Table I. appeared to him rather mean- 
ingless. It stated that the working expenses in the year 1873 
amounted to 62 per cent, of the gross earnings, as compared 
with 53 per cent, for the United Kingdom according to the Board 
of Trade returns. The striking disturbances in the working ex- 
penses over the period covered by the Table did not seem to 
have been noticed. Thus in 1861 they were 50 per cent. ; in 
1862, 53 per cent. ; in 1863, 57 per cent. ; in 1864, 72 per cent, 
in 1865, 76 per cent. ; in 1866 they amounted to 77 per cent, 
in 1867* 74 per cent. ; in 1868, 69 per cent. ; in 1869, 71 per cent, 
in 1870, 64 per cent. ; and then there was a gradual descent to 
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62 per cent. No allusion was made to the causes which had 
produced these large working expenses ; nor were there any 
particulars of the mileage of new lines opened in the different 
years. What alone was given was the train mileage, which had 
increased from 4,000,000 to 16,000,000 in thirteen years; but no 
reference was made to the traffic per mile. If the passenger traffic 
and the goods traffic had been stated, a better means of comparison 
would have been afforded. Allusion had been made to a traffic 
diagram which he exhibited during the discussion last session 
upon Mr. Napier's Paper on " The Fixed Signals of Eailways ;" bul 
its meaning did not appear to have been quite understood. It waE 
not exhibited as a new invention. Mr. Harrison, the President, had 
stated that, years ago, he had been in the habit of using them, and 
Mr. Price Williams had employed them for twenty years. The 
diagram was produced merely to illustrate the particular point tc 
which he was then referring, namely, the growing necessity foi 
separating slow from fast traffic on the principal main lines ot 
railway in this country. 

Dr. Pole thought it would be interesting to know something 
more in detail of the permanent way arrangements on the American 
lines. The flat-bottomed or Vignoles rail, universally adoptee 
there, was now fast superseding other forms, and was largely in 
use in every country except Great Britain. He had lately been over 
some portion of the district of the Chemin du Fer du Nord, in France 
and found that all relaying was now done with that form o- 
rail. Hence it was desirable to know the results of American exz 
perience with it, particularly as to the fastenings. The usua. 
fastening was the simple dog-spike, but as this in soft woo« 
sleepers was not so secure as could be wished, being liable t - 
draw, it was often customary to use fang-bolts in additioni 
w hich were troublesome things. He had found that the Frenct: 
instead of dog-spikes, were using wood screws, which answere— 
very well, and rendered the addition of fang-bolts unnecessary 
His attention had been directed to the great holding power cz 
wood screws, some years ago, when he was on the Iron Armoi* 
Plate Committee. He had noticed, at Cherbourg, that the Frenc— 
fastened their armotir plates to the timber ships by large woo- 
screws, instead of by bolts and nuts as in England, and Im 
obtained from the Admiralty permission to erect at Shoeburyneis 
an experimental target on this principle. It was tested by bein^ 
fired at with heavy ordnance, when the holding power of the wooi^ 
screws proved very remarkable ; for after the target was smashes 
to pieces, many of them were found still holding fragments c^ 
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plate to the corresponding fragments of timber. The wood screws, 

"kherefore, seemed to him so good a fastening that he had* adopted 

'them for some flat-bottomed rails he was laying down, adhering 

£ts nearly as possible to the French model. The holding power had 

"fceen tried and was found to be much greater than that of spikes 

of much larger size, even when the latter were newly driven, 

«nd held best. The wood screw was by no means a new fastening, 

T3ut it was little used, not so much as he thought it ought to 

1)6. Its expense was not greater than that of the dog-spike, for 

^though it cost more per ton, this was compensated for by its 

"being lighter. He had taken some pains to inquire whether any. 

objection had been found to it, and the only one he could hear of 

^was the difficulty of preventing the platelayers from driving the 

Bcrew in with a hammer, to save time, when the inspector's back 

^was turned ; that, however, he hardly considered an insuperable 

objection. With such a fastening, the flat-bottomed rail, on cross 

fileepers, and with suspended fish joints, formed a very good road, 

and of great simplicity, both for laying and maintenance. 

Eeverting to the subject of the cast-iron wheels, which was one 
of great interest, he conceived there must be something in the 
quality of cast iron, as used in America, not known in this country. 
Messrs. Fox had mentioned a strength much higher than was 
usual here ; and he believed their statement was corroborated by 
other facts. He had had occasion, when compiling some data on 
iron, to refer to a remarkable series of American experiments on 
cast iron as used for guns, and which were published in full detail 
"by the American Government in 1866.^ The tenacity in these was 
found in some cases to be upwards of 15 tons, and in one case as 
liigh as 20 tons ; this being obtained, not only by the intrinsic 
quality of the metal, but also by its peculiar treatment in the 
founding.^ Some progress was being made in England in the 
improvement of cast iron. It had lately come to his knowledge, 
that a firm in the Midland Counties were undertaking the manu- 
iaxiture of large articles in malleable cast iron, a material long 
known as of much value from its toughness, but the use of which 
had been hitherto confined to small Birmingham hardware. Still, 
liowever, this would not bear chilling, and therefore it lacked one 
important requisite for railway wheels. Great Britain ought not 

' Vide "Reports of Experiments on the Strength and other Properties of 
Hetals for Cannon." By Officers of the Ordnance Department, U.S. Army. 4to. 
Pktes. Philadelpliia, 1856. 

« Vide "Iron as a Material of Construction." By William Pole, F.RB. 
London, Spon, 1872, pp. 79, 80. 
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to remain behind America in this matter, and it would, he con— 
ceived, be well worth while for enterprising ironfonnders to^ 
direct their attention to the subject, and, if necessary, to procur^=- 
samples of American pig iron for trial, and to imitate the founc 
manipulation there adopted. 

With regard to steel, it had been stated that one of the tests- 
applied in America was to heat the plates red-hot and then to dip 
them in water, after which they must retain their softness and 
malleability. But he would ask, was such a material really steel ? 
He thought not. What was the definition of steel ? Chemically, no 
doubt, the proportion of carbon might be a test; but for the prac- 
tical worker in metals, the most common characteristic of steel 
was its capability of hardening and tempering; and if this no 
longer existed, the metal was scarcely entitled to the name. 
He believed that much of the metal now manufactured so largely 
in this country by the Bessemer and other new processes, was not 
true steel, but rather iron under another name. No doubt it 
had advantages over ordinary iron, in its homogeneity, its 
freedom from the flaws and defects often due to piling and weld- 
ing, and so on, but still, when made in the mild ductile quality 
now so much aimed at, it had not the salient metallurgical cha- 
racteristics of hardness, tenacity, or temper, which were gene- 
rally attributed to steeL 

The views of railway authorities with respect to the Pullman 
cars might differ, but he thought, that, at least, those who had 
travelled in them might fairly bear testimony in their favour, as 
compared with ordinary vehicles. Notwithstanding the vast 
improvements in travelling facilities in the present day, it 
must be admitted, that a long railway journey in an ordinary 
English carriage still involved some discomfort from the com- 
pulsory detention in such a confined space. In the Pullman 
car the traveller might move about in spacious and comfortable 
rooms, ventilated in summer and warmed in winter, and provided 
with many nameless conveniences that were out of the question in 
ordinary railway conveyance. The motion, too< in such long car- 
riages, was so much smoother, that (as had been his own ex- 
perience) a business man might, if the road was in good ordier, 
sit at a table and write without difficulty. In fact, with these 
cars, the traveller might fly through the country at 40 or 50 
miles an hour almost as comfortably as if he were in his own 
house, and this was stirely a result worth attaining. He once 
heard a clergyman say, in opposition to the modem stiff-backed 
benches, that if it would induce people to come to church, he 
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would willingly give them cushioned arm-chairs; and, on the 
same principle, if people were to be induced to travel, it might 
not be inexpedient to make travelling pleasant for them. 

Mr. Walmsley Stanley observed that he had been engaged in 
constructing railways in Sweden, a country somewhat similar to 
America. The ordinary formation width of embankments was 
18 feet. The lines were all single, built with flat-bottomed rails 
placed 4 feet 8 J inches apart. His experience was different from 
Mr. Galbraith's with regard to railways of light construction. 
Upon the railways he had constructed, some of which had been 
opened for three years, flat-bottomed rails were used of 60 lbs. 
weight, 4J inches wide by 4J inches deep, pls^ced upon pine 
sleepers 2f feet apart from centre to centre, except at the joints 
where they were 2 feet from centre to centre, the joint being 
suspended. There were gradients of 1 in 60 for 3 miles; and, 
owing to the difficulties of the country, the line was curved nearly 
from end to end, the radius of the sharpest curve being 1,400 feet. 
The engines weighed 30 tons, the pressure upon the front axle 
being 11 J tons. There had been no cutting into the sleeper and 
no drawing of spikes, although the traffic had been heavy; and 
yet only 1 per cent, per annum was due to renewals, while the 
'working expenses had not exceeded 43 per cent. The lines were 
all under the supervision of Government inspectors, who were, 
if anything, more strict than in England. The construction 
"would well bear comparison with that of the best lines in this 
country, and the rolling stock was, on the whole, superior. Dog- 
Bpikes, to attach the rails to the sleepers, were universally used, 
and suspended joints. On the States lines a solid joint was first 
tried, the rail lying on a flat bed plate over the centre of the 
sleeper, but this had been abandoned, owing to the damage caused 
to the ends of the rails. An objection to the screw, to which refer- 
3nce had been made loj Dr. Pole, was, that it was difficult to get 
^ut. The dog-spike could be quickly withdrawn and driven in 
igain at the same place from whence it was taken out, and it 
p^ould hold the rail almost with the same tightness as before. A 
portion of the sleeper must be destroyed when the screw was 
ased ; and in many cases it would be necessary to drive in the 
icrew to save time in case of accident; and although it might 
Hake a good road in the beginning, after a few years it would be 
iifficult to adjust. Shimming, or packing with wood wedges, was 
absolutely necessary in very cold countries, where the road froze 
I: or 5 feet deep in clayey spots and in ill-drained rock cut- 
tings. On such occasions the ground rose several inches in hum- 

[1874-75. N.S.] E 
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mocks, and then the choice lay only between cutting down the 
sleepers on snch hnmmocks, or packing the rails for a distance on 
each side. Good deep coarse ballasting was absolutely necessaiyi 
in such places, but where there were alternate thaws and fixwts | 
packing became necessary even with the best ballast. 

Mr. Phipps said that cast-iron wheels had been alluded to in 
almost every aspect except that of safety. In this country, duriiig 
a severe frost, there were numerous instances of bre«kkage d\ 
wheels ; and it was worth while to consider in what respect cast [ 
iron was less likely to break under such circumstanoes than 
wrought iron. Cast iron was usually r^arded as a substance 
exceedingly brittle, notwithstanding that it was so much marej 
extensible than wrought iron. The tires of existing 'wheels were | 
shrunk-on often almost to the verge of breaking, it being merdj 
by the judgment of the workman whether they were suffidently 
tight ; and, supposing a certain amount of heat to pass at any 
time into the boss of a wheel from the heating of an axle the 
spokes would expand, and induce rupture of the tire. With a caafc- 
iron wheel made of one piece there was no shrinking-on of the tiie, 
and there was greater extensibility of the iron — elements whidi 
tended to the prevention of accidents. 

Mr. Shelford had listened with great interest to the remarb 
of Mr. Galbraith and Dr. Pole on the question of the permanent 
way, as he was desirous of making light railways. Ho believed 
a committee of the American Society of Civil Engineers had 
reported during the present year upon the manufacture, form, 
and endurance of the Vignoles rail, and one of the conclusions 
arrived at was that the best form was a base of 4 inches and 
a depth of 4.^ inches, with a web of not less than ^ inch thick. 
These dimensions nearly corresponded with those given in the 
Paper. The weight of such rails would be about 62 lbs. or 
65 lbs. per yard, and he believed they were &>sten6d by dog- 
spikes to hard wooden sleepers. Very much the same form was, 
ho understood, used on the State railways in Germany, -where 
the rail had a depth of 4^ inches and a base of 3f inches, and 
weighed 62 lbs. per yard. It was fastened to hard wood sleepen 
by dog-spikes, and at each side of the joint there was a rolled 
iron sole-plate through which the dog-spike passed. In this 
country such a method would be impracticable, because the sleepers 
were of soft wood. He had laid a Vignoles rail, which had lasted 
in constant use for eight years, and now carried fifty trains a day. It 
had a base of 6^ inches, a depth of 4 J inches, weighed 75 lbs. per 
yard, and had stood very well. If the base was reduced much below 
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that it was impossible on soft sleepers to got a good fastening, or 
one which would pass a Board of Trade inspector. That was a 
matter of interest at the present time, since a considerable and 
perhaps increasing mileage of branch lines was being constructed 
upon working arrangements with the parent companies. It was 
the interest of the constructing company to make as light a road as 
possible, while it was the interest of the parent company to get a 
good and perhaps expensive road. His experience of the working 
of the first light railway constructed in Wales, under the Act 
referred to, coincided with that of Mr. Galbraith. 

Mr. W. B. Lewis asked what was the width of the base of the 
rail on the Ilfracombe line. He had been engaged in laying a 
length of 15 miles of railway in Ireland, with rails 5 J inches wide 
at the base, and these carried heavy engines without difficulty. 

Mr. Galbraith said the base was 4 inches and the height 
4.J inches. He had no hesitation in saying that a base of 4 inches 
was too small. 

Mr. J, Fernie said he had been over the Pennsylvania railroad, 

and had witnessed many experiments on the steel to which reference 

was made, some specimens of which he exhibited. He had also 

seen chilled wheels cast at one of the best known works established 

for that purpose in Philadelphia. He was not only shown the 

process of manufacture, but also the pig iron used, and he thought 

the observation made by Dr. Pole was correct — that the high 

quality of the steel and of the iron castings in America was owing 

to the excellent pig iron employed, as well as to the great care 

exercised in casting. The following statement, of the pig iron 

made in the United States during the year 1872, was extracted 

from the Statistical Keport of the National Association of the 

iron manufacturers of the United States : — 

Tons. 

Pig iron made with coke and coal .... 712,500 

Do., do. anthracite 1,197,050 

Do. do. charcoal 478,750 



Total 2,388,200 



Pig iron imported from Great Britain in 1872 . 190,000 

From that return it would be seen that less than one -third of 
the quantity was manufactured with coke and coal, and this was 
equal in quality to the British iron imported, that about one-half 
was made with anthracite, some of which ranged in price about ^5, 
say 208., per ton dearer, and that more than one-sixth was charcoal 
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iron of tte best quality. Bfe was not prepared with similar statistics 
of the qualities of pig iron made in Great Britain ; the total 
mannfactnre, however, in 1872 was about 7,000,000 tons. No 
donht a large quantity of high class pig iron was imported from 
Sweden, while a considerable quantity of cold-blast iron and of 
haematite iron of good quality was made and used in this kingdom. 

In considering the quality of the iron manufactured in America, 
reference ought to be made to the character of the fueL Large 
quantities of anthracite were consumed in all branches of the 
iron trade, and he had no idea of the purity and excellence of this 
material until he had seen it in the great colliery districts on the 
Philadelphia and Beading, and the Lehigh Yalley railroads. The 
supply of this fuel was practically inexhaustible, and it was used 
not only for smelting iron, but also for puddling and reheating it. 
He had likewise seen cast steel melted in crucibles with anthracite 
coal instead of coke. This anthracite was won in large blocks, 
and was very hard. Li the colliery he examined it was raised 
about 50 feet above the ground, and was passed through a series of 
crushers, which broke it up to the different sizes required. While 
passing from one crushing-machine to another it was carefully 
examined, and all impurities picked out. 

An English engineer, visiting the United States, thought it 
extraordinary to see car wheels of cast iron. Contrasting the 
English complicated wheel, with its wrought-iron centre of many 
parts welded together, and a tire shrunk-on tight, with the 
simple American chilled wheel, he was induced to think the 
Americans were in advance of this nation. From the humblest 
wagon to the most sumptuous Pullman car all were fitted with 
the simple chilled wheel. On inquiring as to the manufacture 
of these wheels, he found they were not made in ordinary foun- 
dries, but in special manufactories. The moulding boxes were 
of simple construction ; the outer rim and flange of the box con- 
sisted of a heavy metal chill ; the other part of the pattern was 
rammed up in sand, dried in a stove ; and the metal— a mixture 
of worn-out wheels, anthracite iron, and charcoal iron — was carefully 
melted in an air-fumaoe, and poured into the mould. When the 
metal was sufficiently set, the casting was taken to an annealing 
oven, where it remained several days, and slowly cooled, after 
which it was bored out, pressed on the axle without any key, and 
was forthwith ready for use. These wheels were even employed 
as the leading wheels of engines. Through the courtesy of the 
late President of the Company, Mr. Edgar Thomson, he had gone 
through the works at Altoona, and had witnessed the various opera- 
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tions connected with locomotive repairs and rebuilding, in which 
there was nothing special, but the carriage department was excel- 
lently arranged. At Altoona, he was particularly struck with the 
manufacture of the boilers, and with the steel of which the fire-boxes 
were made. He exhibited a specimen of boiler plate which had 
been made red-hot, then dipped in cold water and bent round flat, 
and it was without a flaw. Being so much pleased with the steel, 
he visited the maker, Mr. Parkes, at Pittsburgh, who received him 
most kindly, and he obtained a good deal of information from him. 
The steel was made of a mixture of charcoal and anthracite iron, 
and was cast in a plumbago crucible, two heats per day being 
obtained. He had not been able to apply any delicate chemical or 
mechanical tests to ascertain the quantity of carbon it contained, 
or its tensile strength per square inch; but he had, both with 
Mr. Worsdell at Altoona, and Mr. Parkes at Pittsburgh, tested it 
fc^everely by bending and re-bending, and by heating and cooling- 
it rapidly, and under all these changes it appeared perfectly 
adapted for fire-boxes.^ For the purpose of this discussion he 
had re- tested a piece ; he had nicked each end with a file ; he 
then hardened one end, and bent each end over till they broke ; 
the result was that the hardened end broke a little sooner than 
the other, but the difference in hardness was not perceptible 
when tested by a file ; the centre-piece was afterwards bent quite 
flat, and was without a flaw. The maker said that, after the plates 
were rolled, they were dipped in a large vessel of cold water, and 
if they came out uninjured they were good plates. Afterwards 
the edges were sheared, and the plates were tested before being 



Carbon, combined 
Silicon. 
Sulphur . 
Phosphorous . 
Manganese 
Cobalt and nickel 
Copper. . . . 
Iron, by difference 



Knipp Steel.* 



1-18 
0-33 
none 
0-02 
trace 
0-12 
0-30 
98-05 



100-00 



American 
Steel.f 



0-23 

trace 
none 
005 
none 



99-72 



100-00 



• Vide " Metallurgy, Iron and Steel," by Dr. Percy, p. 837. 

f From an analysis Mr. Siemens recently had made of a piece of this steel. 
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Bont out as finished. Mr. Fcmie had not seen steel of that par- 
ticular quality in England. For the manufacture of cutters, axes, 
taps, dies, and articles of that kind, the makers said they obtained 
the' best steel from Sheffield ; but they manipulated it very cleverly, 
and were able to send to this country tools with which the Sheffield 
people had not yet been able to compete. 

In his travels through the United States what he saw in regard 
to mechanical engineering work was of the best kind. All ap- 
peared to aim at perfection, and no expense was spared in arriving 
at that result. Many revolutions in mechanical engineering had 
been introduced into this country from America, besides the Pullman 
car and the fare of 1 Jci. a mile, and he believed there was still a good 
deal to bo learnt. The greatest facilities were afforded him for 
seeing everything in connection with the mechanical and engineering 
progress of the country, and ha had invariably been received in the 
kindest and most courteous manner by all American engineers. 

Mr. Berkley observed, with regard to the Pullman car, that 
ho had no desire to interfere with the scheme propounded for 
promoting traffic, on a particular railway, by offering passengers 
a palace car at l}^d, a mile ; but there appeared to be an im- 
pression that the railway company would not lose by the trans- 
action. Now he wished to show, by facts and figures, that the 
anticipations of a more general use of the Pullman cars were 
not likely to be realised. An ordinary first-class carriage, which, 
as usually made, was moderately comfortable, would accommodate 
about as many as the Pullman car, namely, twenty-four pas- 
sengers in comparison with twenty. It cost on an average 
£650, while a Pullman car cost £3,000. It weighed 8^ tons 
in comparison with 20 or 24 tons. He maintained that it 
was bettor to provide the best possible accommodation for the 
many at the least cost, and by the most scientific appliances, than 
to provide special luxuries for the few at a great cost. When 
in the United States, eight years ago, he was specially struck with 
the fact that the railroads first made to meet the very limited 
demands of American society, wore being improved as the require- 
ments increased. These improvements consisted in the introduction 
of steel or heavier iron rails, of iron bridges instead of wooden 
bridges, larger engines, better rolling stock, new and larger stations, 
and the like. He had, therefore, hoped to learn something from the 
Paper of the history of those improvements, especially in con- 
nection with the Pennsylvania Central railroad, which had been 
called the London and North- Western of America. He had looked 
in vain for that kind of information. It should not bo forgotten 
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that in England a comparatively small proportion of railways con- 
sisted of single lines, while in America the proportion of single 
lines was very great. He was surprised to find it stated that the 
cost of the Pennsylvania railroad had only been £12,310 per mile 
for the whole system, and £11,250 for the main line. On that 
subject he had consulted the *' Keport of the Investigating Com- 
mittee," appointed so lately as the 10th March in the present year, 
with the concurrence of the directors (a circumstance that might 
be commended to the notice of English railway companies), to 
investigate the position of the company in every respect. The 
Committee had therefore the services of the directors and of the 
whole of the staff in making their inquiries. Under the head 
of " Cost of Main Line," ^ it was stated, ** By referring to the 
article on the cost of real estate, road, &c., you will find that your 
main line, including the Philadelphia and Columbia railroad with 

the present value of its equipment, real estate, &o stands 

charged on your books at ^48,57 1,808." That really amounted to 
upwards of £27,000 a mile, instead of the cost given in the Paper, 
ne should have been much astonished if the result had been 
otherwise, considering the accommodation afforded, the many im- 
provements introduced, and the summit to be ascended and de- 
Bceuded. It was difficult to imagine that such a line could have 
cost less per mile than the average of the lines — most of them 
single — throughout the country. The sum mentioned did not 
include stores, but probably they should not be included in the 
capital. The report presented a comparison extending over ten 
years. As a similar comparison had been made in regard to English 
railways by Mr. J. Thornhill Harrison, M. Inst. C.E.,^ it would 
bo found particularly apposite and valuable. 

On this subject the report stated : — 

"1. That with an increase of 59 j^^ per cent, of capital, there 
was a gain in tons carried one mile of 229^^ per cent., and a gain 
in freight earnings of 210^^2^ per cent., while the rate of com- 
pensation received for carrying one ton one mile was reduced from 
^1% cents to lylnnnr cents per ton per mile, and expenses from 
^timt cents to 0^^]^, and the profit per ton only from 0/^^ cents 
to Oy y^(^ cents per ton per mile ; thus showing that whUe the 
charge for moving freight was reduced ly^nrV cents per ton per 
mile, the expense of doing the work- was reduced ly^^^^ cents per 



* Vide " Report of the Investigating Committee," &c., p. 98. 

^ Vide Minutes of Proceedings Inst. O.E., vol. xxix., p. 322 ct seq. 
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ton per mile, and the profit was only brought down Tn^(yV?nr> ^^ 
one-third of a mill per mile per ton. 

" 2. The passenger travel will not, of course, show such favour- 
able results, as the outlay on the road was mainly to cany freight ; 
but it shows, as between 1864 and 1873, that with an addition to 
the capital of 59y^^ per cent., the passenger travel has increased 
^^iVir P®^ cent., and the cost of carrying one passenger one mile 
from 1^^^ to 2j^jf ; while the net earnings have decreased from 
^tW *^ ^tVtt c^i^ts per mile." ^ 

It was also stated " that for every million dollars invested since 
the year 1863 there has been an increased annual profit of K280,000, 
taking your profit in 1873 as a basis." 

With regard to the introduction into other countries of the Ame- 
rican system of constructing railroads, that introduction would be 
advantageous or disadvantageous according to the circumstances 
of the case. There were some countries where it would be diflicult 
to make temporary lines, because the requisite materials could not 
be readily obtained ; and there were demands upon the railways 
that were not consistent with the working of such temporary lines. 

Mr. E. A. CowPER considered it particularly desirable to have 
all the fully proved facts resulting from such largo experience 
as the Americans possessed; as, for example, in the simple 
matter of chilled cast-iron wheels. Something about them was 
known here ; tens of thousands had been made and used, 
but, for the most part, only under contractors' wagons or coal- 
trucks, because they were considered dangerous. He believed they 
were formerly dangerous even in the United States, long after 
they had been adopted for bogies both to engines and carriages. 
But the Americans had given great attention to the process of 
casting such wheels, and to the metal of which they were made, 
and in this respect they had the advantage in being able to 
choose first-class iron for the purpose, and iron that ^ould chill 
deeply. That was important; for some iron would not chill 
deeply. He had been informed on good authority that iron made 
from red haematite ore was not suitable for chilled wheels, but 
that the iron must be from the brown haematite ore. Another im- 
portant point was to arrange the best way of cooling the nave of 
the wheel when cast. The nave, which was the heaviest part, was 
surrounded by heated metal and sand. He had made a hole 
through the bottom of the mould, to admit air, and removed the 
core as soon as possible ; but that was scarcely satisfactory. The 



Vide " Report of the Investigating Committee," pp. 106 and 107. 
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usual plan was to divide the boss into four parts, and then to 
clamp the parts with two hoops ; but this was a poor job. Further 
information about the mode of cooling or annealing the chilled 
cast-iron wheels would conduce to their introduction into this 
country, if it could be shown that they might be used with safety. 

With regard to steel boilers and the steel tires of driving wheels, 
he had been pleased to hear the remarks of Mr. Worsdell, and 
of one of the chief pioneers in the introduction of steel into 
boilers, ships, and engines, Mr. Webb ; and he should have been 
glad if the practical result had been disclosed of the use of steel 
of mild or low quality in ships. It was not commonly known that 
25 per cent, miight be saved in the weight of a ship if built 
throughout of mild steel that would not harden, and that would 
not stand a greater strain than 30 tons per square inch ; but such 
was the fact. He knew of a ship built of puddled steel, in the early 
times, when the proportion of carbon was irregular. After the 
smiths had thinned down the corner of a plate they used to quench 
it; but this led to some of the comers dropping off like fractured 
glass, from the hardening produced by the quenching ; and it was 
found that the only way of preventing this was by the removal of 
the water boshes. Now, however, with mild steel, having a per- 
centage of less than * 3 of carbon in it, a saving could be effected, 
as before mentioned, of 25 per cent, of the weight of a ship. With 
regard to the trial of steel, either made by the Bessemer process or 
the Siemens process, he had designed a simple plan of obtaining a 
better knowledge of the metal than by breaking it, namely, by 
filing. Having heated and quenched a set of samples of steel, he 
took three common hard saw-files, and lowered the temper of one 
to a straw temper and of another to a blue temper, and tried the 
two sets of samples, and it was astonishing to find how this ex- 
tended the power of examining steel. Hard-drawn pianoforte 
wire would often stand a tension of 75 tons per square inch ; and 
he had made some very hard, that endured 130 tons, but that was 
too hard for use. He should like to inquire whether in cast-iron 
valves slight recesses were made in the under side or face of the 
valves to harbour steam. This, he believed, was important, and 
was said to result in an improvement in the working of slide 
valves. 

Mr. C. D. Fox, in reply upon the discussion, said no one could 
feel more strongly than himself the importance of basing all Papers 
brought before the Institution on facts. To that end the Company 
had furnished him with special reports by its chief officers, and 
upon the figures contained in those reports the Paper was based. 
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m far as reiated to Uie PennBylvania railroad. The general infor- 
mation was the resolt of five separate irbits to the United States. 
He had purposely slnrred over the question of cast-iron wheels, and 
other matters, to which re£&rence had been made, because they had 
been thoroughly discussed on former occasions ; and he tried to lay 
stress on points not then dwelt npon. One of these, the rapid ex- 
tension of the railway system of the United States, was nnparal- 
leled in the history of raUways, and might well be discussed both 
in regard to cost and general results. The committee of share- 
holders, whose report had been cited, stated a distinct opinion, 
that the western extension of railroads had reached a limit so fax as 
it was dependent upon the shipment of grain to Europe ; and it 
was an interesting question how to contrive to bring manufac- 
turers to the grain merchants, so that they might live upon one 
another. Another point was the gradual consolidation going on 
in America, by which all the great routes, east and west, were 
getting into the hands of three or four of the larger companies. 
Another was the use of heavy rolling loads on a light permanent 
way. While English engineers were trying to reduce the dead 
weight, the Americans, by the introduction of the Pullman car 
and other expedients, had gone in an opposite direction. He 
thought sufficient consideration had not been given to the bogio 
truck, the eflFect of which upon railway construction was greater 
than might at first sight appear. It was a beautiful contrivance, 
for rough roads and sharp curves, that might be studied with 
advantage. Many minds in this country were busy upon the 
question of central coupling as against side buffers, and numerous 
inventions in connection with it were brought forward, some of 
which ho found, on reference to the " American Mechanical Dic- 
tionary," were old affairs. He had been desirous of hearing some- 
thing said on the American practice of so arranging the cross 
beams on bridges as to bring cross strains on to the top members. 
This was unusual in England, and ho had exhibited a diagram 
(Plato 4) of a bridge which had been designed in America to meet 
tho evil. In regard to the general cost of railway construction, and 
to tho statements of the Investigating Committee it should be 
romombored that tho Pennsylvania Eailroad Company was a body 
much resembling tho octopus, having many arms, which it was 
difficult to divide from tho head. Its own line was 355 miles in 
length, with 82 miles of branches distinctly connected with the 
main lino ; but it controlled 5,933 miles. He had analysed tho cost 
of tho main lino and its branches, and the figui:es given in the 
Paper would, ho believed, bo found closely approximate. Tho Com- /. 
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jMany, contrary to general practice both in England and America, 
niad for many years resolutely refrained from adding to the capital 
%)count. It appeared from the report that, on a re-valuation of 
^e land, works and rolling stock, not only had the two last named 
Sost a great deal more than was indicated in the Capital Account, 
but that the land was worth three times its original cost. The 
S^esult was that the railway cost £8,904,830, and was now worth 
■517,306,300; showing an increase of value of 94 per cent, on the 
papital expenditure. He had not been able to ascertain the number 
g)^ miles opened annually. The total expenditure on railways in the 
lETnited Kingdom in 1873 was 38. 1^. per train mile ; that on 
pie Pennsylvania railroad during the same period was 3s. 6^d, ; 
bnd in Sweden, during the latest year given — viz., 1870 — it varied, 
liccording to Mr. Michael Longridge, from 2s. 8d, to 2s. 4d. The 
l^wedish lines, he thought, did not offer a fair comparison either 
fmth English or American lines, and this was especially the case 
fwith reference to the Gefle-Dala line. The cheap working of the 
^Festiniog line, had been conclusively shown to arise from the 
^peculiar nature of the traffic. The Gefle-Dala afforded a parallel 
tease — the traffic being almost all downhill, and of a heavy class, 
rwhilst in addition the fuel was obtainable at a small cost. The 
ipolicy of the Pennsylvania company was not changed, and all 
limprovements were still being made out of revenue. The 
ICommittee of Investigation distinctly reported that they con- 
Isidered the Directors ought to pay regularly a 10 per cent, divi- 
|dend, which had been hitherto done, and that a large sum 
[ought then to bo set aside annually to improve the works. No 
Idoubt many English companies would be glad to look at the matter 
[in the same light. A considerable portion of the Pennsylvania 
I system ran through a thinly-populated country, whilst the rates 
I for the through traffic were kept down by severe competition, 
and these two facts might account to some extent for the high 
^working expenses. These, in 1873, might have been expected 
[to be abnormally high, and it spoke well for the management 
of the Company that the opposite was the case. In England 
they advanced from 49 per cent, in 1872 to 53 per cent, in 1873, 
owing to exceptional causes; those same causes were operating 
to a certain extent in America, and would not materially in- 
terfere with a fair comparison. With regard to the work ' done 
by the locomotives, the maximum cost per ton per mile was 
1^., in 1865. In 1873 it was a little over ^d. The passenger 
earnings were l^d, per passenger per mile, and the expenses ^ud,, 
the net earning being ^d. The goods earnings were ^d, per ton 
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l^ar tiuy* ; txpetiKC, ^ ; v^ fanro^ ^ In ■nViitg eampaiiaoais 
i/rer ft iKm« of Ttars. re^srd msmsi ht h^ ifi» tie fiw^aiatiiig Talue 
<^ tb<^ drjOair, wlddi baid Tazk^i froem Ijl j^^ in XaTcmba* 1864^ 
t/> tti presesoi raloe, ai^ist 3«l cmL Hie inwMtfii-f*, had not beai 
dftMned ij Mr. OrAbam; and tiie r^ifwrir widdk Mr. Fox had gi^irai 
wtT^ nc/t Ids cnm, but the compamj's, and ityreB H tt ted the number 
of t Jpes to whkh ibe XumBoaarem had nov been leduced. 

A gi%at deal had been made of the ^ateaKut thai a eert^n 0igme 
had evaporated 2,400 gpiDons <^ vmt^- in Ibbe than an hoar, which 
wa« no doabt an extraordinaiy qnantitj. He had r^srred to the 
IfSipen eeui him bj the LoaHnotiTe Snpaintendent, and lionnd that 
ibe quantity wa« oorrectl j stated. He had locked into the matter, 
with the kind a«gistanoe of Mr. William Adams, M. Inst CJEL, to 
aiseertain whether it was in^pcnsible cfr not. Taking a grate area of 17 ^ 
sniierficial feet, cylinders 17 inches bj 24 indies, wheels 61 inches 
in diameter, pressure 140 lbs., 8 lbs. of wato* per pound of coal 
would equal 3,000 lbs. of coal per hour, or 176 lbs. per sqnare foojt 
of grate per honr, eqnal to 22 cubic feet of water per foot of grate. 
That, of course, denoted an intense but not saa. impossible combustion., 
Mr. Colbum had referred not unfrequently to a consumption of 
100 lbs, of coal per mile, as against 45 lbs. or 55 lbs. in England, 
llie actual run of the engine was 27 miles. Taking it as only 26,^ 
that would equal 92 gallons per mile, or 2-7 lbs. of water per revo- 
lution of the driving wheeL The following figures would show 
that the performance spoken of was by no means impossible : — 

Capacity of cylinders at 140 lbs. pressure, cutting off at f stroke 
(15 inches). 

227_X_16j<4x62-4^2-7lbe. 

1728 X 179 (specific volume of 140 lbs. steam). 
Mr. WorsdoU, although bo still thought the work impossible, 
had sent an example of his own experience on the Pennsyl- 
vania railroad which was quite as remarkable. The engine in 
question was a ' mountain ' one, cylinders 18 inches by 22 inches; 
wheels, 4 feet 7 inches diameter ; total load, engine and tender, 
00 tons, thirteen cars, 235 tons = 295 tons taken up the incline of i 
12 miles, with a maximum incline of lin 55, in fifty-nine minutes. l 
The coal used was 2,750 lbs., equal to 160 lbs. per square foot of j 
grate, or 229 lbs. per mile. This immense consumption was ex- ' 
plained to bo owing to the fierce exhaust and to the fact that much, 
unoonsumod coal went up the chimney. The amount of water ^ 
evaporated was 1,620 gallons in the 12 miles. Five pounds of | 
water were used per pound of coal, and the pressure of steam main-l 
iainod in the cylinders was 112 lbs. A doubt had been expressed 
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ther the steel for the fire-boxes could be crucible steel. Mr. 
believed that almost, if not all, the steel used in America up 
ithin a short time was crucible, but that Bessemer steel was 

being largely worked. The steel used for fire-boxes was 
linly not the same as that adopted for boilers; but the 
renoe was a secret not easily obtainable. The cold-water 
bending test spoken of was certainly applied to fire-box steel 
ich thick. With regard to cast-iron wheels, there could be 
MDmparison between the qualities of English and American 

iron, and a good deal of misapprehension had arisen from 

fact. 

lie reason for cast-iron wheels having been so successful in 
jiica was to be found, partly in the quality of the iron, and 
ly in the manufacture. Mr. Gunn, Assoc. Inst. C.E., had 

on the table some specimens of American pig iron, the 
ysis of which showed its high quality.^ One example was a 



rhe following analyses of American pig iron have been kindly communicated 
lt. Gunn, Assoc. Inst. C.E. : — 



Fob Bessemeb Steel. 

ted with coke and bituminous coal. 

y brand. — Sulphur, minute trace. 
Phosphorus . 0*154 
Silicon . . . 3-485 

ted with charcoal, and with blast 
at 700°. 

86 Lake. — Sulphur . . 0*005 
Carbon . . . O'OOO 
Phosphorus . 0*116 
Silicon . . . 1-329 

Smelted with charcoal. 

Haccoon. — Sulphur . . 0*017 

Phosphorus . 0-012 

Silicon . . . 2-624 



For Cbucible Steel. 
A cold-blast charcoal iron. 



Relay. — Sulphur . 
Carbon . 
Phosphorus 
Silicon . 
Slag . . 
Iron . 



trace. 
0-283 
0-027 
0-014 
0*264 
99*412 



Warm-blast charcoal irons. 
i^OTM^oZe.— Sulphur . * 007 to * 019 
Phosphorus 1*08 „ 1*20 
Silicon . 1*12 „ 1*33 



>» 



Raleigh.— Svlphm . 004,, 0*014 
Phosphorus 0*07 ,,0-07 
Silicon . 1*06 „ 0*93 



igle, Longswampy Black Lake, are all cold-blast charcoal irons of extraordinary 
gth, made from superior ores, which ores are first roasted and then smelted, 
alwart man using a heavy sledge-hammer will often grow weary when 
g to break a pig of either of these irons. Two strong men have been seen 
ke turns in hammering, and finally to give up in despair. For locomotive 
r-plates, chilled rolls, and any purpose where great strength is needed, these 
are very valuable. 

lisbury is known widely as a cold-blast charcoal iron of high character, 
can be furnished which has a tensile strength in the pig of from 28,000 to 
10 Its. to the square inch. 
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piece of a car wheel which had run 70,000 miles, and which, 
then, showed a tensile strength of 33,000 lbs. per square incL 
Starbuck, of Birkenhead, who had a large experience in trai 
cars, said he could never get English cast iron to stand, anc 
he therefore used American wheels. Two or throo proc€)ssos < 
nealing were adopted. In one of these, introduced by ( 
in 1859, the wheels were removed, whilst hot, from the moidc 
so piled up in a cylindrical chamber, that the * hubs ' or 
formed a chimney, through which a blast of air, which coi 
regulated by dampers, was passed, thus gradually coolin 
wheels from the centre and preventing the naves from shri 
away from the rims, as might otherwise bo the case. In ai 
process, adopted by Mowryin 1861, the wheels were built w 
pit having double walls, with layers of charcoal between thee 
were exposed to moderate but protracted heat, and then allo^ 
cool very gradually. In both these processes care was nee( 
prevent the heat being such as to draw the chill, which ha( 
imparted in the mould, to the treads and flanges, and which 
trated to a depth of from § to ^ inch. To avoid this diffic 
modification, by Moore in 1865, removed the wheels froi 
moulds while hot and placed them above one another in a 
her, with rings between the tires so as to shut off the c 
portion of the tire from the inner part of the wheel ; the 
were then immersed in charcoal, and the tires in sand, 
charcoal slowly burned, gradually annealing the bosses ( 
wheels, while the sand prevented the chill from being injure( 
the case of cast-iron driving wheels, dry steam was passed th 
them while they were lying in the mould itself. He woul 
attention to some experiments recorded in the "Engineer 
November 6th, 1874, showing the remarkable strength of Am* 
cast-iron wheels. One wheel 2 feet 7 inches in diameter 
subjected to a pressure applied to the rim in direct line wii 
nave, with a bearing upon the rim of 5^ inches, required 111 
to break it. Another was first forced by a pressure of 134 t( 
to an axle ^ larger than the hole in the nave, was then tak 
and bore a pressure of 178 tons, applied to the rim, as i 
former case, without fracture. One reason for using cas 
wheels in one place and steel tires in another was that the A 
cans did not generally elevate the outer rail on curves, » 
the leading wheel of a bogie truck had a great deal to do ; b 
the work of guiding was thrown entirely upon the bogie 
The consequence was that steel tires being soft, wore thii 
became dangerous, whilst in cast-iron wheels the chill was» 
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that they could not bo turned; by which also tho expense of 
tuming-up was saved. A cast-iron wheel was also safer in cold 
weather than a wrought-iron tire, being homogeneous and less 
liable to snap. On the St. Petersburg and Moscow railway, and 
on Canadian lines, cast-iron wheels had stood a temperature 40° 
below zero, in which wrought iron or steel would be liable to break. 
Such wheels were very durable, having a life of 100,000 miles, 
no authority putting it less than 75,000 miles. With driving 
wheels the case was different. The diameter was largo ; the surface 
of tho tread must be soft and true ; and when it became untrue, it 
must be capable of being turned up again. At the date of Mr. 
Colburn's Paper chilled tires were in use, but they were now 
generally abandoned, except for shunting engines, where the 
driving wheel had to do some of the guiding. In that case, the 
tire was fastened by a slight coning of the rim to the extent of 
J inch in 5^ inches and by rim bolts. 

The extra width of cuttings was given because of the amount 
of snow that collected at the bottom of the slopes. ' Shimming ' 
consisted in raising the rail by strips of wood on the top of the 
sleeper, when the ground was frozen so hard that it could not be 
moved. The first frost upset the track ; then a thaw came, and 
afterwards a frost again ; and the road got into such a lamentable 
condition, that, but [for shimming, nothing could bo done with it 
during the winter. If the shim was thick it was placed upon 
the sleeper, and two spikes were driven through to secure it to 
the sleeper, and separate spikes to secure the rail to the shim itself. 
Shims were sometimes employed to take ' slacks ' out of the road 
when it was not frozen. With reference to the weight of rails, 
allusion had been made to difficulties which had arisen on the 
Bfracombe railway. He considered the fault lay, not with tho 
rail, but with the engine. Had a bogie truck been used, the rigid 
wheel base been reduced, and the weights adjusted, the rail would 
not have been damaged. He had adopted much lighter rails, 
weighing only 40 lbs. to the yard, in Canada, where the frosts 
were severe, and in Australia, and elsewhere, in connection with 
sharp curves and steep gradients, and they answered well even 
for heavy traffic, where the speeds were slow, and the rolling 
loads did not exceed 3^ tons per wheel. Dr. Pole had asked a 
question as to fang-bolts. Formerly the general practice in Canada 
was to have an insistent joint for fastening the rails ; but he 
considered that insufficient, and therefore arranged for a fang-bolt 
with an extra length of thread, so that shims could be used to 
8ome extent ; but, although loosely fitted, the fang-nut soon rusted 
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up hard and fast, and it had to be abandoned. The chief en- 
gineer of the Toronto, Grey, and Bruce railway, Mr. Wragge, 
M. Inst. C.E., had now reverted to suspended joints, and only dog- 
spikes were used. Jn this country wood screws were not only 
expensive, but liable to be converted, by being driven instead 
of screwed into the sleeper, into inferior spikes. If screws were 
to be used at all, it would be well to adopt the American three- 
threaded screw, which was intended to be driven, turning round 
in penetrating the timber. Such screws were largely used in the 
United States for packing caees. Some surprise had been expressed 
at the short time occupied in the change of gauge men^tioned in 
the Paper. His brother, Mr. J^ancis Fox, M. Inst. C.E., was in 
America when it occurred, and t?^ statement was taken from 
official records. A similar operation wIm carried out on the Grand 
Trunk railway in October last. At ten o^'clock in the morning of 
the 26th a length of 562 miles, or including sidings, 600 miles of 
railway was cleared of traffic ; and by one o>^5lock on the follow- 
ing morning the gauge was completely change^. Two thousand 
men were employed. In Captain Tyler's reporK on the Erie rail- 
way some interesting statistics were given on tMS subject.^ In 
conclusion, he hoped this discussion might aid in Vwakening in- 
creased interest in the public works of the UniteoL States, and 
that English engineers would be led to visit in greaterCii^i^l^^rs a 
country where they would find their professional bretStr©^ ^^^ 
only most courteous, but able and enterprising in the V^ig^®^* 
degree. 



* Vide "Report on the Erie Railway, and its Connections," p. 27. lf^^^\ 
London, 1874. 
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December 1, 1874. 

THOMAS E. HARRISON, President, 
j; in the Chair. 

And 

December 8, 1874. 

[ JOHN FREDERIC BATEMAN, Vice-President, 

I': in the Chair. 

; The discussion upon the Paper, No. 1,332, on " The Pennsylvania 
pSlilroad; with remarks on American Railway Construction and 
pbnagement,"^ by Messrs. Charles Douglas Fox and Francis Fox, 

OOcnpied the whole of these evenings. 

'^ The following candidates were balloted for and duly elected on 
HiB 1st of December : — ^Robert Duxdas, Robert Gordon, Francis 
Baker Hanna, Alfred Reid Clanny Harrison, Peter Alexander 
I^terson, William Henry Thomas, and John Brown Young, as 
ICembers; Henry Charles Baogallay, Stud. Inst. C.E., Donald 
Barlow Bain, Charles Spruyt de Bay, Donald Stuart Baynes, 
Cdeut. James Brebner, Francis Eustace Burke, Stud. Inst. C.E., 
VoHN Clark, George Fitzroy Cole, Alfred Davis, Edward Bau- 
sofUiN Ellice-Clark, George Estall, George Lancelot Eyles, 
Dharles Richard Fe.'^wick, Stud. Inst. C.E., George Findlay, 
William Gilchrist Gilchrist, Stud. Inst. C.E., Harry Daniel 
3ood, John Duncan Grant, William Cecil Gunn, Edmund Legh 
Harris, Henry Beecroft Harvey, William Harvey, Lieut. Henry 
Sidney Freeman Haynes, R.E.', William Marshall Hew at, John 
Eewson, William Edward Horn, Stud. Inst. C.E., Fletcher 
James Ivens, Stud. Inst. C.E., George John Manders, Davdi 
Edward McDonald, Kenneth William Alister Grant McAlpin, 
W1LLLA.M Holt Martin, Vitale Domenico de Michele, Lieut. John 
Francis James Miller, B.S.C, Muncherjee Cowasjee Murzban, 

VriLLLA.M EnSOR PaRRY, ThOMAS PeACOCK, ALFRED PhILLIPS, AlFRED 

Ck)VENEY Priestley, John Rawlins, Frederick Ewart Robertson, 
Frederick Smith, Harrison Veevers, and Samuel John Wilde, as 
Associates. 

[1874-75. N.S.] ^ F 



66 ADMISSION OF MEMBERS. 

It was announced that the Council, acting under the provis 
of Sect. III., CI. 7, of the Bye-Laws, had transferred Thomas 
WARD Dunn, David Mark Henderson, Gabriel James Morri 
MiDDLETON Kayne, Henry Sadleir Ridings, B.A., and Win 
Ridley, from the class of Associate to that of Member. 

Also that the following Candidates, having been duly re( 
mended, had been admitted by the Council, under the provis 
of Sect. IV. of the Bye-Laws, as Students of the Institution 
John Baker, William Townshend Batten, Arthur Wilbra 
Dillon Bell, Henry Taylor Bovey, Herbert Dorning, Cha 
William Freke Farewell, Henry Edmunds Haddon, Henry 1 
MAS Hall, Wiljjam Harker, Matthew Wilson Hervey, Hi 
Burdon Hvtchings, Alfred John Ingram, George Arthur Jc 
Robert Patrick Tredenniok Logan, Walter Lucas Lynde, J 
Charles Mackay, Robert Valentine Milne, Carl !Ernest Moi 
Arthur Spence Moss, Alfred Thomas Mullaly, Henry Pea 
Alexander Davidson Stevenson, Harry Tek, Joskph John Ti 
William Barton Worthington, B. So., and Julius Dent Young, 
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It was annonnced that the Council, acting under the pro^ 
of Sect, m., CI. 7, of the Bye-Laws, had transferred Thom. 
WARD Dunn, David Marr Henderson, Gabriel James Mbi 
MiDDLETON Rayne, Henry Sadleir Ridings, B.A., and W 
Ridley, from the class of Associate to that of Member. 

Also that the following Candidates, having been duly : 
mended, had been admitted by the Council, under the proi 
of Sect. IV. of the Bye-Laws, as Students of the Instituti 
John Baker, Wiluam Townshend Batten, Arthur VVilb 
Dillon Bell, Henry Taylor Bovey, Herbert Dorning, Cj 
William Freke Farewell, Henry Edmunds Haddon, Henri 
MAS Hall, William Harker, Matthew Wilson Hervey, ] 
Burdon Hvtchings, Alfred John Ingram, George Arthur 
Robert Patrick Tredennick Logan, Walter Lucas Lynde, 
Charles Mackay, Robert Valentine Milne, Carl Ernest M 
Arthur Spence Moss, Alfred Thomas Mullaly, Henry P 
Alexander Davidson Stevenson, Harry Teb, Joseph John ' 
William Barton Worthington, B. Sc, and Julius Dent Youj 
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Weight in working Order 
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On TbrwarcL Drivers 24-800 
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Mountain JO yvheel Engine W68. 
Class "E" 
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Weight in -working Order' 

On TortvarcL Drivers 19200 

, Main „ 19.400 

. Back 18000 

. Truck 19000 

T- T Total f 5,600 lbs. 
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Number of JFlues 130 
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Weight in working Order 
OnjFhrward Drivers 19400 
. Back , 19 800 

, Truck 20800 

Total 60000 Lbi 






lit 




Construction Engine 1870. 
ClaBS "G" 



ti9i 




THO? KELL.LITH. 40.K1N0 S' COVENT 




^ 
^ 

■^ 



"F' 



i 



i 

« 

J 
t 



6. 



i 



4 



1 



its 




> SECTION THROUGH I 



H.40,ED(aST COTEMT 



1 
I 



h 



J 
I 
j 

i 



4 



■J 

4 



J 

14 



-J 

3 








)! IEI1,.1JTH.40,KWG ES COVEBT flAKDEB 



. > 



